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5 pie paper presents an inquiry into the 


of teacher training in the sciences. 


study of Human Relations as a means 
The 
primary concern of the discussion to follow 
is the inspiration of the science teacher now 
on the job in the secondary schools of the 
United States. 
subject 


No effort is made to dis- 


cuss matter, method, curricula 


design, or student-teacher relationships. 
The understandings that the teacher may 
bring to each of these very practical prob- 
lems remains the constant focus of our 


attention. The teacher is our first concern. 

The treatment of the subject is far from 
exhaustive and the review of the methods 
which might be used to implement the 
study of Human Relations is quite cursory. 
This is a deliberate policy. The validity 
of the ideas advanced in this paper cannot 
be proven; the ideas are articles of faith on 
the part of the writer and this paper is 
intended to serve as a stimulant rather than 
a reference work. The occasional fervor 
of expression should not be confused with 
dogmatic assertion. The case for Human 
Relations is not presented as a “cure-all” 
for science teaching ills. 

The relationship between science educa- 
tion and Human Relations springs directly 
from the bewildering rate of growth in the 
body of scientific knowledge and its appli- 
cation to the growth of business and sur- 
of The 
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and irrevocably modified by the technologi- 
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Vassachusetts 
cal adaptations of science. The impact of 
science, at times subtle, at times brutally 


direct, has become a vital political force 
the of and 
the stability of the social or- 


to 


dominating action statesmen 


threatening 


ganization which we are dedicated. 


Edmund W. Sinnott, Director of the Shef- 


field Scientific School at Yale University, 


writing on the controversy between science 
and the humanities, points out: 
held today 


not by a few tough minds but by whole blocs of 
men throughout 


\ materialistic philosophy is 


our western world 
munism has embraced it as orthodoxy 
great change, the of 
the wide dissemination of its knowledge 
a most profound effect. The 
this materialism and 
urbane humanistic tradition i 


Com- 
In 


science 


this 
and 
has had 
between 
and 
no longer a matter 
The 
issue bites deeply into the convictions of millions 
of men 
liefs into 
fate and ours 


vast authority 
opposition 


modern the ancient 


for seminars and academic disputation only 
be 


their 
thus 


beginning to translate thei 
This 
The 


minds of 


who are 
will decide 


ot 


action. action 


influenc science in 
restless and 
of 


contribution 


shaping the men in a CXx- 


lar 


to 
r 


plosive age of clashing ideologies will be 
moment than 
technology and the physical basis for our lives 


greater its 


The assumptions upon which objectives, 
course content, and the relation of science 


education to other aspects of the school 


subject to 


the 


based 
Within 


work of public faith in education as a means 


program have been are 


searching challenge. frame 
of attaining social stability and individual 
freedom, the science teacher is faced with 
unprecedented professional responsibilities. 
The demands on his understanding and 
The 


wisdom are most pressing. nature 


1 Sinnott, E. W., Science and the Whole Man. 
American Scientist, 36(1), Winter, 1948. 
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and function of science education must be 
re-examined with honesty and humility. 
The science teacher must assume leadership 
in making the necessary analyses, persuad- 
ing his fellow teachers and his administra- 
tion to the validity of the conclusions that 
may thus be reached, and molding his class 
room activities to any of the newly defined 
goals. 

This is not a plea for more and more 
Nor is this to 
say that the precise nature and relative im- 


science in the curriculum. 


portance of the effects of science on human 
Neither 


is it being stated or implied that to under- 


behavior are perfectly understood. 


stand science, its facts, methods, its innate 
humaneness, its history, or its impact, is 
the one road to such full understanding. 
On the contrary, the plea is made that we 
avoid the arrogance with which many of 
the arguments favoring science education 
it 
seem valid to emphasize that whatever the 


have been advanced. However, does 
place of science in education, the reaction 
of people, individually and collectively, to 
the effects of science and technology has 
had a vitality that cannot be denied and 
which must be understood and evaluated by 
the teacher. 

be 


this evaluation 


Several methods of attack on the 


How can accom- 
plished ? 
problem are outlined in this paper. In 
giving these ideas your consideration, two 
points of view must be kept clearly in mind. 

First, these suggestions are those of an 
idealist. Despite all of what appears evi- 
dence to the contrary, this paper presumes 
that science teachers are looking for means 
with which to improve their teaching, that 
they do have the necessary professional 
interest to invest whatever time and effort 
are required to this end, and that as a body, 
science teachers have ample intellectual 
capacity for constant professional growth. 
Idealism is a practical necessity in educa 
tion. Only within the strength of one’s 


ideals can be found the optimism with 


which to tackle the almost infinite number 
of practical difficulties facing any educator. 


Condemnation of teachers will serve no 
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useful purpose. Whatever the variability 
amongst teachers, techniques for in-service 
training must be designed which will permit 
each teacher to rise to his full capacity. 
These techniques must be applicable on the 
job and be of such a nature that each 
teacher can benefit uniquely. 

Second, what follows is in no way pre- 
sumed to offer a final solution to the prob- 
Neither 


techniques described capable of yielding 


lems under discussion. are the 
results as yet wholly measurable by tradi- 
tional quantitative yardsticks. So much of 
teaching quality springs from as yet obscure 
emotional and intellectual depths that it 
becomes necessary in this case to retain a 
faith that certain experiences contribute to 
better teaching, even though the key word 
“better” cannot be defined precisely. Judg- 
ment values are freely utilized. 

Now, what is suggested and what is the 
logic of the argument ? 

It is assumed that education is primarily 
concerned with a series of learning experi- 
ences capable of modifying human behavior. 
Individual behavior is considered to be a 
unity, at all times reflecting the integrated 
effect of the physical, emotional, and intel- 
lectual background of the person. Irre- 
spective of the degree to which any one of 
these aspects of behavior is momentarily 
dominant, all three determine the recog- 
nized needs of the individual and motivate 
both his learning interest and his reactions 
to the tensions in the environment. 

As stated by the Committee on the Func- 
tion of Science in General Education, 
however : 

. needs do not exist “under the skins of indi- 
viduals” or in a vacuum. They arise and work 
themselves out as interactions between the 
individual and the social situation. It is 
evident that in any need as it exists at a given 
moment the two aspects will be present in vary- 
ing degrees. Indeed the emphasis will shift back 
and forth.? 

Therefore, since we are concerned with 
human behavior and since science has been 

2 Science in General Education. Commission 
on Secondary School Education. Committee on 
the Function Science in General Education. 
D. Appleton-Century Company, New York, 1938. 


of 
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a powerful force modifying the social situ- 


ation and hence individual behavior, it 
seems logical to hypothesize that through 
the study of individual and group behavior, 
in its natural unity, in terms of actual 
events, the teacher can be provided with a 
versatile, always new tool with which to 
constantly deepen his understanding of both 
science and the student. 

The 


should be the community 


the teacher 
(the 


rather than the political area served by the 


actual study area of 


natural 


school), the dynamic local manifestation of 
the larger cultural and social forces dis- 
from the 
the 
and centers of research, the community 


cussed above. Away college 


campus, away from large libraries 


is the one remaining source available to 


all teachers as a case from which each 
teacher may synthesize his own integrated 
viewpoint. 

The use of the community by the teacher 
is, of course, no new idea. The works of 
Olsen and others clearly reflect the grow- 
ing awareness on the part of educators of 
the 


ships. 


need for community-school relation- 
Olsen, summarizing the philosophy 


of the community school, says: 


If our school instruction is to become truly 


effective we must organize it around fundamental 
human needs, both individual and group; we must 
directly relate school programs with community 
life processes and problems. : 


However, it seems implicit in the writings 
on the community school that the teacher, 
by active participation in the affairs of the 
town does in fact become a_ thoughtful 
student not only of the details of com- 
munity life, but also of human behavior and 
the external forces bearing upon the com- 
munity which contribute to its ecological 
quality. 

This assumption is open to serious ques- 
tion. Too frequently an over-hasty and 
over-zealous use of community activities 
can lead to half-truths, inaccurate interpre- 
tations, insensitivity to emotional patterns, 
the reenforcement of preconceived notions, 

’ Olsen, E. G., 
tice- Hall, 


School and Community. Pren 


Inc., New York, 1945. 
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a dangerous stifling of interest and moti- 
vation on the part of the student, and a 
baffling sense of discouragement on the part 
of the teacher. 

The matter must be tackled at its heart. 
Education and the subject matter it ad- 
vances are of significance only in terms of 
the needs of human beings. All subject 
matter disciplines are the product of human 
endeavor and none have any intrinsic 
validity except in terms of the assumptions, 
the effort, and the interpretation that has 
gone into their definition. The disciplines 
The 


of the people to whom it is taught and these 


of science are no exceptions. needs 


needs alone justify its inclusion in the cur- 


this 
light teachers do indeed need to study the 


riculum. To understand science in 


community, but in a subtle fashion not 


heretofore characteristic of teacher-com 


munity relationships. The study must seek 
an understanding of the different ways in 
which people interpret their experiences 
and perceive the “Reality” of the 


munity; these interpretations may 


com 
differ 
widely from those of the teacher or the pro 
fessor under whom the teacher may have 
studied in some remote academic environ- 
ment. The study must reach out for tech 
the 


explore these realities, as seen through the 


niques whereby teacher can adeptly 


eyes of others. The study should penetrate 
deeply into the no-man’s land of the uneasy 
equilibrium between the felt needs of the 
individual and the demands of the social 
system in which the individual finds him- 
The advanced _ that 
through the study of Human Relations, the 


self. argument is 
teacher will find many aids for the accom- 
plishment of these objectives. 

Surely, the knowledge embraced by the 
field of Human Relations is incomplete 
Nonetheless, 


has been done and 


and frequently inconclusive. 


much of what said is 
exciting and invigorating and should open 
our eves to new horizons in teacher train- 
ing. After all, the growth of science con- 
tinues at such an accelerated pace that even 
the specialist cannot keep abreast of his 


narrowly defined field. The science teacher, 
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with his multifold duties, would find it only 
futile and frustrating to make the attempt 
to be aware of everything new. Some 
orientation, some technique for discrimi- 
nation is needed. What better answer can 
be imagined than to use the specific char- 
acter of the local environment in which the 
school must exist and into which most of 
the students will flow, as a filter through 
which the impact of science must pass and 
those elements most significant to the func- 
And what 
better filtering medium can be used than the 


tion of the school separated? 


actual behavior patterns of individuals and 
groups as they interact in the community ? 

In this manner, some of the complexities 
resulting from the growth of science can 
be simplified. The stable characteristics of 
local institutions and local business, either 
agricultural, manufacturing, or service, can 
serve to illuminate and clarify those aspects 
of science which are most relevant to the 
service function of the school. Thus the 
domination of a chemicals industry, or an 
agricultural economy, or a machine tool 
manufacturer, or what have you, might well 
influence the emphasis of science courses 
and the selection of problems. The rate 
and quality of reaction of these enterprises 
to new developments in science can serve 
as a basis for a rational scale of values in 
distinguishing between the importance of 
all science and technology to all people, and 
those isolated bits of this knowledge that 
impinge upon local organizations and which 
then become meaningful to the community. 
The impact of science can be reduced to 
bases mutually recognizable by students, 
parents, teachers, employers, local govern- 
ment, and all others caught in the social 
group. 

The mechanics of the approach to the 
study of Human Relations should take at 
least three forms : 


1. Examination of the literature 


In the field of Human Relations, there is 
no final authority to which reference can 
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be made for “answers.” Readings can only 


be combined with other intellectual and 
emotional experiences to assist the teacher 
to arrive at his own integrated viewpoint. 
As will be further emphasized, readings 
should supplement, not substitute for, the 
analysis of actual events. A partial reading 
list, covering both the use of the case 
method of teaching and the larger problems 
embraced by Human Relations, is appended 


to this article. 
2. Analysis of cases of behavior 


The cases which are suggested for study 
generally take the form of recorded inter- 
views, covering the entire gamut of human 
experience. They may involve teachers, 
students, parents, prospective employees or 
employers, dissident labor groups; they 
may be concerned with discipline, guidance, 
working conditions, personality conflicts, or 
whatever, just so long as the case concerns 
itself with what the person or persons being 
interviewed feels impelled to discuss. A 
great deal of relevant data may be included 
in the case about the environment in which 
the human interactions are occurring, but 
it is safe to say that it is never possible to 
include everything that might be said to 
bear upon the case. This is the normal 
situation in which we all find ourselves 
whenever decisions are to be made. 

The developizent of cases is not easy. 
It is suggested that advantage be taken of 
the pioneering work done in case compila- 
tion by such institutions as the Harvard 
Graduate Schools of Business and Educa- 
tion, Ohio University, University of Kan- 
sas. Many cases are available at very low 
cost or at no cost which are in use in college 
courses in Human Relations. These cases 


reproduce situations that have actually 


They are not fiction and even 
though their use will initially remove the 


occurred. 


area of study from the particular com- 
munity of the teacher, they can serve to give 
the teacher a variety of vicarious experi- 
ences to serve as a foundation for the de- 
velopment of cases of local significance. 
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In all cases, the teachers should function 
as a group, with some member serving as 
moderator. It must be remembered that 
the learning situation will be unique for 
most teachers. There will be no professor 
to act as mentor. The nature of the ma- 
terial will be such that no definite answers 
to the problems raised by the cases will 
be forthcoming, except as the individual 
arrives at his own judgments. Cases in 
Human Relations are completely open- 
ended. Their value will lie in bringing to 
light, as a result of the discussion and 
introspection, the divers interpretations of 
the kinds and intensities of tensions that 
appear to be operative at the point where 
individuals are interacting. Whether or 
not the descriptions of these tensions and 
the suggested action of any observer are 
“accurate” or his conclusions “right,” the 
composite opinion of the group can, if 
thoughtfully and tolerantly pursued, lead to 
both a fuller recognition of the complexity 
of behavior and the requirement, that to 
judge behavior, superficial knowledge of 
the environment to which a person is react- 
ing is dangerously inadequate. 

It is of vital importance that every case 
examined have some direct relationship to 
science and technology. Do not labor each 
case to find such connections, if they are 
readily evidenced. The main problem is to 
understand better how others perceive their 
world to be. As we all come to appreciate 
the tenacious way in which these percep- 
tions influence our behavior, so will we 
come to understand science and its relation 
to the needs of the pupil and his society. 
Insofar as social forces which appear recog- 
nizable in the cases can be traced to science, 
the application of these experiences in 
human relations will be, of course, more 
easily reduced to practice in the classroom. 

As an illustration of the type of case 
material that might be found in a com- 
munity, a brief analysis of a case used in 
the Human Relations course in the General 


Education program at Harvard College 
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might be of value. An abstract of the 
Superior Slate case follows :* 

The Superior Slate Quarry was one of 
the largest and oldest in the Vermont-New 
York belt. The quarry was located in 
Gorham, a town with a population about 
one-half Yankee, one-fourth Irish, and one- 
fourth Welsh. The Welsh were all born 
in Wales and were men past middle age. 
Few of their children were old enough to 
work in the quarries, and those who did 
were not skilled in slate splitting. Many 
of the Welsh became citizens, and although 
they could speak English, they preferred to 
use their native tongue. The Welsh kept 
to themselves socially and maintained their 
traditional clannish customs, habits, and 
beliefs. They mingled little with either 
Yankee or Irish. It was generally recog- 
nized that the Welsh and the Irish did not 
get along well together. 

Because of the scraping and cutting of 
the planers and saws, mill work was noisy 
and dirty. Locally, especially by the Welsh, 
it was considered unhealthy work, to be 
avoided if possible. Mill work was also 
considered less skillful than slate splitting, 
a skill which few Yankees and Irish knew 
Pay for mill work was lower by about one- 
third than for slate splitting. 

In the quarries, the Welshmen worked 
in teams of three men, each team assigned 
to a shanty to which slate blocks were de- 
livered by rail from the quarry for splitting 
and trimming. The shanties were cheaply 
constructed wooden frame buildings, about 
ten feet square. Although equipped with 
coal stove, the shacks were cold in the 
winter and hot in the summer. The Welsh- 
men were without exception men who took 
great pride in the product of their hands. 
They loved the rock and often said, “Ma- 
chines, no matter how well built, can never 
tell the grain. They leave marks which 
often mar the beauty of the finished stone.” 

The superintendent at the quarry was 

‘Harvard Business School. Copyright 1947 


by the President and Fellows of Harvard College 
All names have been disguised. 
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Mr. Williams, called 


He was Welsh, and a leader among them 


‘Jack” by the men. 


in Gorham. He spent much of the day 
going from shanty to shanty talking in 
Welch to the splitters. 

In 1926 the slate roofing industry was 
receiving stiff competition from manufac- 
turers of composition shingles. Although 
its competitors were able to benefit from 
technological improvements, the slate in- 
dustry of Vermont, because of the nature 
of the rock, could use few of the new inven- 
tions. The industry as a whole remained 
at the handicraft level. The Federal Bu- 
made an 
intensive study of this problem, and had 


reau of Mines, however, had 
sent material on its findings to all slate 
quarry operators (examples of these ma- 
terials are included in the case and give a 
complete review of slate production). 

As a result, Mr. North, the operator of 
the Superior Slate Quarry, together with 
Mr. Williams, drew up plans for a new, 
mechanized mill for the splitting and trim- 
ming of the blocks. The new mill would 
be more comfortable in the winter and sum- 
mer, it would relieve the splitters of certain 
manual operations, help the trimmers to 
eliminate waste, and while somewhat noisy 
and dusty, the conditions would not be 
harmful nor these 


would it compare in 


respects to the mills in town. A diagram 
of the new plan is attached to the case, 
showing the flow of materials and the dis- 
position of the workers. This diagram is 
compared to a similar plan of another con- 
cern which had mechanized its operations 
and had become a very successful company. 

For a short time after the new organi- 
zation, production went up and everyone 
Soon thereafter, Mr. Wil- 
liams stopped making the rounds to talk 


seemed happy. 
with the men. Production gradually fell 
off. The Superior Slate Quarry finally 
closed its doors and the company went out 
of business. 

What can be learned from such a case? 
Why did the mill fail? Was this failure 
due to the technological advance of com- 
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petitive materials, so that no matter how 
efficient the new quarry plan, slate could 
markets ? 


not find Other slate quarries 


survived. How efficient was the new plan 
and what factors go into a study of eff 
with 
What branches 
of science were involved in the develop 


ciency? How does slate compare 


synthetic roofing shingles ? 


ment of these new products which suddenly 
made their influence felt so strongly in 
Gorham? 

Was 
technological advance bucking an inflexible 
Was the 


group association and pride in hand work 


What was the human story here? 


social situation? tradition of 
too tough to yield before the economic and 
technical pressures of a changing world? 
Could Mr. North have taken these human 
factors more completely into account before 
building the new mill? How would you 
have gone about changing the ideas of the 
Welshmen so that they would have adapted 
to the new plant? How far does this de- 
mand an analysis of current knowledge in 
social anthropology and _ psychology to 
understand the 
Welshmen ? 


better behavior of these 

In the Superior Slate case, it is possible 
to pinpoint our attention on so many of the 
subtle and devastating problems of an in- 
dustrial society. The tearing up of tradi- 
tion; the subjugation of a man’s social 
needs to the idea of economic man; the 
pervasive influence of science, through 
center and 
country village; all these and many other 
In the 
cultural melting pot of the United States, 


with its tremendous technical activity and 


technology, on every urban 


problems are reflected in this case. 


its new responsibilities in education and 
politics, it would seem that science teachers 
must interact in their daily intellectual lives 
with the realities of human behavior sym- 
holized by the Superior Slate case. The 
cumulative impact of an ever-increasing 
number of such experiences surely will 
contribute to a more thoughtful, humble, 
purposeful, and inspired viewpoint on the 
part of science teachers as they face the 
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problems of science courses, their content, 
their method, and their place in the school 
curriculum. 


3. Analysis of community activity 

In this activity, too, the focus of attention 
should remain on the needs of individuals, 
even though the individual may not be the 
sole object of study. The probing of busi- 
ness and civic organizations should also 
serve as an important source of factual 
information with which to reenforce all 
decisions made by the teacher. 

The Superior Slate case might well serve 
as an example of this type of study. How- 
ever, since in the Slate case we were con- 
cerned primarily with the behavior of a 
particular group of individuals, let us use 
another example to illustrate point three of 
the methodology under discussion in this 
paper. Suppose that we were to plan an 
analysis of the Goodall-Sanford Mills, here 
in Sanford, Maine. These mills play the 
dominant role in Sanford in terms of em- 
ployment, financial security, and personal 
recognition in the town. 

Irrespective of one’s background in 
science, the first trip through a textile mill 
can be a bewildering experience: materials 
of a multitude of sorts flowing in all direc- 
tions; machines of strange assortment with 
an endless number of moving parts; the 
clatter of looms; the miraculous evolution 
of lovely textiles; the strange disembodied 
relationship between you, the observer, and 
the workers; of what value is such an 
experience ? 

Obviously, merely as a field trip, this 
plant visit would yield very little, even as 
many field trips by teachers and their 
classes yield very little. As a source of 
inspiration to know more, just for the pure 
delight of knowing, as well as any direct 
ise one might make of such information, 
the trip could prove invaluable to the ends 
defined by this dissertation. How? Out 
of this seemingly chaotic and obviously 
vibrant organization, how does one select 
the avenues of fruitful exploration ? 
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There is no easy or final answer to this 
question. However, we can speculate along 
several lines of reasoning that are typical 
to this approach to the study of human rela- 
tions. These illustrations of the method 
are by no means exhaustive. 

Here is an organization utilizing a great 
variety of raw materials: cotton, wool, 
mohair, rayon, nylon, to mention the textile 
fibers only. Cotton, wool, mohair, these 
are fibers which have served mankind from 
the earliest dawn of civilization: rayon and 
nylon are the products of fifty years of 
spectacular scientific research and technol 
ogy. What science? What technology? 
Mohair f: m Texas, cotton from all overt 
the southe1.: tier of the United States, wool 
from the four corners of the world, all are 
the products of agricultural enterprise; 
rayon the product of an industrial giant 
that has come to dig deeply into the forest 
resources of nation after nation. Com 
merce on a grand scale has converged a 
portion of its energies on Sanford, Maine 
Has science made Sanford what it is? Did 
some form of social organization and human 
requirement have to exist first, to establish 
a fitness of the environment in which a 
Goodall-Sanford mill could flourish ? 

Why are these fibers used? You may 
find this a trade secret. This may lead you 
to speculate on the importance of trade 
secrets to the survival of the Mills, a very 


vital and real concern te 


the people of 
Sanford. Is the use of these fibers and are 
the secrets of their use a result of scientific 
advance? Is it true that research on the 
one hand has been responsible for the 
emergence of the fine Goodall fabrics such 
as Palm Beach, Springweave, and the spec- 
tacular decorative fabrics, and yet on the 
other hand this same kind of research 
may threaten the existence of the organi- 
zation if Sanford’s largest employer is 
not aggressive in this field? Is Goodall 
active in research? What kind of re- 
search? Chemical, physical, biological, or 
engineering’? Is engineering development 
“research?” Can the activities of Goodall 
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serve to underline the methods of research 
as against any other methods for insuring 
industrial stability, such as advertising, 
public relations, financial manipulation ? 
As you listen to the clatter of the looms, 
breathe the dust of broken fibers and the 
fumes of this or that chemical process, as 
the 
observe the interaction or lack of it among 


you feel the vibration of floors and 
the workers, what references do these per- 
ceptions make for you in terms of human 
needs and the impact of particular aspects 
of science on these needs? Can you specu- 
late on the cultural impact of the lovely 
textiles as they enliven the homes and per- 
sons of the world? 

There is no need to labor the point. A 
mill that is typical of the mass production 
techniques of United States industry, and 
yet silk-screen prints fabrics by hand on the 
other ; a mill that is the largest employer in 
the town; a mill that pollutes the river, con- 
sumes huge quantities of power; a mill that 
draws its raw materials from the agricul- 
tural and industrial sources of every corner 
of the globe and then sends its finished 
products back along the same trails; such 
a mill is a symbol of all the problems whose 
existence stimulated this paper. It repre- 
sents an educational resource that cannot 
be denied by the teacher. It is also a 
resource that must be explored with imagi- 
nation and sensitivity before the teacher 
either discusses his experiences in class or 
brings his students into its locale. 

In conclusion, the sense of urgency felt 
by the author is perhaps best stated by a 
quotation from Elton Mayo: 

The achievements of the physical sciences, of 
chemistry, of medicine, in the last century have 
been very great; but the very dimension of these 
achievements has thrown society out of balance. 
And, until such time as sociology and psychology 


can... develop the beginning of understanding, 
until then we shall continue to find technical ad- 


vance provocative chaos and anarchy.® 


5 Mayo, Elton, The Social Problems of an In- 
dustrial Society. Graduate School of Business 
Administration, Harvard University, Cambridge, 
Massachusetts, 1945. 
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Our survival, as individuals and in our 


chosen form of social organization, is at 
issue. Science teaching, through the facts, 
applications, appeal, and reality of its enter- 
prise, must make its contribution to the 
social skills of students a primary goal. To 
do so, teachers themselves must first de- 
velop these skills. It has been suggested 
that through the study of human relations 
the teacher on the job can find a fascinating 
and practical means to these ends. 


SUGGESTED READINGS IN HUMAN RELATIONS 


1. Glover, J. D., and Hower, R. M., Some Notes 
on the Use of the Administrator: Cases in 
Human Relations in Business. Richard D. 
Irwin, Inc., Chicago, Illinois, 1950. 


This booklet, which may be obtained for thirty- 
five cents, contains an excellent starting list of 
readings, both on the case method of study and 
on the more general areas of reference in the 
field of human relations. Since it is considered 
that this pamphlet affords a desirable starting 
point for any teacher interested in the thesis which 
has been set forth in the above article, a duplicate 
listing of the references the booklet contains has 
been deemed superfluous. 
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LABORATORY TEACHING IN COLLEGE BASIC 
SCIENCE COURSES * 


W. C. 


VAN 


DEVENTER 


Stephens College, Columbia, Missouri 


I. NEED FOR A REDEFINITION OF 
LABORATORY PROCEDURE 
CIENCE teachers are inclined to think 
S of the scientific method as something 
which is semi-sacred, a sort of universal 
This 
method has been used successfully in learn- 
ing much of the nature of the world, and 
in discovering workable answers to ques- 


solvent for all types of problems. 


tions of “how’’, and certain types of ques- 


‘ 


tions of “why”. While it is probably true 
that the potentialities of the scientific method 
have been somewhat exaggerated and its 
limitations too little realized, it is certain 
that this method has been accepted by the 
modern world as the best available means 
of dealing with the complexities and chal- 
lenges of the environment. Probably in no 
area has greater attention been given to 
the scientific method than in undergraduate 
laboratory science teaching. Yet it is ques- 
tionable in most cases whether this teaching 
really embodies true laboratory procedure. 
This is particularly so if we consider the 
basic science courses of a survey type which 
have progressively tended to replace tradi- 
tional elementary courses for non-major 
students. 

The idea of “laboratory” has been vari- 
ously applied. The laboratory movement 
began in the medical schools of late me- 
dieval times with the dissection of human 
bodies for private research and for the 
teaching of anatomy. The movement grew 
slowly, however, and it was not until late in 
the nineteenth century that undergraduate 
students were given extensive operational 
We 


think now of a laboratory either as a place 


experience in the learning of science. 


for the carrying on of individual or group 

* Paper presented at the Twenty-fifth Annual 
Meeting of The National Association for Re- 
search in Science Teaching, Congress Hotel, 
Chicago, Illinois, February 16, 1952. 


research or for the teaching of students in 
connection with the materials and skills of 
a particular branch of science. The term 
“laboratory” is used also in educational 
circles to refer to various types of project 
teaching, in which the student proceeds “on 
his own”, either alone or as a member of 
a group, in working on a chosen topic 
within a unit or subject matter area. This 
use of the word “laboratory” usually implies 
some handling of materials on the part of 
the student, and guidance rather than di- 
rection on the part of the teacher. 
the 
sense constituted a problem-solving tech- 


Laboratory procedure in original 
nique, wherein the person using it collected 
data and proceeded inductively to arrive at 
a workable conclusion. It would appeai 
that most modern undergraduate laboratory 
teaching constitutes a distortion of this 
original meaning. This is true not only 
of such laboratory work as is done in most 
survey or integrated courses for non-majors, 
but also of the type of laboratory experi- 
ences carried on in traditional elementary 
courses in the various specialized science 
fields. 
for undergraduates, but even in these the 
So-called 


laboratory procedure for teaching purposes 


It is less true of advanced courses 


same general pattern is followed. 


has become essentially a kind of cookbook 
operation. The problems which are dealt 
with are not real problems for the students. 
The steps to be gone through are outlined 
The 


are, or can be, known beforehand. 


in the laboratory directions. results 
The so- 
called experiments are not really experi- 
ments but exercises. They have undoubted 
value in giving practice in the development 
of skills and techniques and in fixing facts 
in students’ memories. Scientific method 
and attitude enter, however, ‘only vicari- 


ously, and little or no attention is given to 


159 
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students’ needs. Except for the manual 
and memory-fixing aspects, it appears that 
students may get an equivalent learning 
experience from reading about the topic, 
looking at models, pictures and diagrams, 
or utilizing any of the modern audio-visual 
devices, such as lantern slides, motion pic- 
tures and recordings. This fact has been 
recognized by teachers of courses for non- 
major students, with the result that in 
some cases the use of such devices has 
come to replace traditional laboratory work 
altogether. Many such courses are not even 
called laboratory courses. Studies have 
been made in which the results of learnings 
of this type have been found to compare 
favorably with traditional laboratory learn- 
ings. 

If we are going to continue to use a 
laboratory approach to the teaching of 
science at the beginning level we need to 
re-examine what we mean by “laboratory”. 
If we think of laboratory procedure in its 
original sense as a problem-solving tech- 
nique, then it would appear that a labora- 
tory must necessarily be a place in which 
students learn problem-solving by actually 
solving problems, and where they learn to 
apply scientific method and attitude by ac- 
tually dealing with situations which demand 
their application. This involves also some 
re-consideration of what we mean by sci- 
entific method and attitude, and a thorough 
examination of the kinds of problems that 
are suitable for student use. 

Many statements of the essential steps 
involved in the scientific method have been 
made in connection with works on the 
philosophy of science, and have found their 
way into elementary textbooks and labora- 
tory manuals. They include generally (1) 
location and definition of a problem, (2) 
accumulation of data in relation to the 
problem, (3) formulation of one or more 
possible solutions to the problem, and (4) 
testing and verifying a solution or con- 
clusion. In the minds of the students and 
of many teachers such a formalization of 
the steps in scientific methodology has led 
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to thinking of scientific activity in a very 
limited sense. Actually the procedure of 
a scientist in solving a problem of specialized 
nature does not differ fundamentally from 
that of a lay person in solving a problem of 
more general nature. In both cases, if 
the problem is a real problem for the one 
who is seeking an answer, the process is 
basically one of modified trial and error. 
Being faced with a problem and having 
accumulated the best information in rela- 
tion to it that he can, the seeker tries out 
different possible solutions, beginning with 
the likeliest, until one is found which fits 
the problem-situation. Any formal state- 
ment of scientific method is nothing more 
than a logical analysis of this very common 
and basic human activity. Some recent 
writers on scientific procedure have raised 
the question whether there is any one “sci- 
entific method”, suggesting rather that 
there are related “scientific methods” which 
have basic aspects in common. 

The more distinctive aspect of the way 
in which scientists work appears to be 
scientific attitude. This includes the way 
in which a scientist approaches his prob- 
lems, the manner in which he deals with 
his data, and the basic assumptions that he 
makes concerning the natural world within 
which he operates. For a number of years 
the writer has been interested in attempting 
to arrive at a series of statements which 
would represent a commonly-agreed list 
of scientific attitudes and assumptions. 
For this purpose personal interviews and 
correspondence have been carried on with 
representative science teachers. This at- 
tempt at definition has not been very suc- 
cessful. While it appears that scientists 
do actually have a definable way of ap- 
proaching their problems, and certain basic 
ideas which constitute their way of looking 
at the world, they can rarely be brought to 
agreement on statements of these things. 
Nevertheless some common elements run 
through all scientific work. These include 
objectivity, open-mindedness, an insistence 
on accuracy of observation, precision of 
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statement, and accumulation of adequate 
evidence, a belief in the orderliness - of 
natural processes, and a realization of the 
tentativeness of all conclusions. The under- 
standing and attainment of these and other 
characteristics of a scientist constitute a 
valid goal for the general student, and one 
which is applicable to a wide range of life 
situations. It would appear therefore that 
practice in the use of scientific attitude, 
however inadequately defined, in connec- 
tion with the use of a somewhat systema- 
tized form of the ancient human method 
of seeking problem-solutions by a modified 
trial and error procedure, dealing with prob- 
lems which are real, is what we need to 
try to bring about in connection with the 
teaching of our basic science courses. 

The nature of the problems that are 
used, then, becomes a matter of prime 
importance. These problems must be real 
for the student investigator, or else they 
must be given a semblance of reality. This 
reality is important from the standpoint of 
motivation. Students may explore old prob- 
lems which are real to them or can be 
made so, or they may investigate new prob- 
lems which have significance for their own 
lives. This exploration must, of course, 
be at the level of their understanding. 
Problem-exploration for a lay person neces- 
sarily differs from problem-exploration for 
a scientist or a pre-professional science 
student. This difference, however, does 
not lie in the basic attitude with which the 
problem is approached or the basic method 
employed. Rather it is found in the type 
of problems which are selected, the type of 
data which are used and the degree of 
specialization with which the problems are 
attached. 

The problems dealt with by general stu- 
dents are usually of a less specialized type 
than those dealt with by scientists or sci- 
ence major students. A scientist’s prob- 
lems are tangible and objective. This may 
also be true of the problems dealt with in 
the core material of a basic science course. 
If the students in such a course, however, 
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are to carry out of it an understanding of 
scientific attitude and the basic elements 
of scientific method in such a way as to 
realize their applicability to general prob- 
lems of living, he will recognize, and we 
must likewise recognize that many of these 
problems do not fit the narrow definition 
of a problem to which the scientist holds 
Many problems of living are essentially of 
a subjective and intangible nature. Esthetic, 
ethical and religious problems fall into this 
category. Many of these, however, have 
scientific roots or aspects. Such problems 
inevitably find their way into a basic science 
course which faces frankly and courageously 
the implications of student questions in 
such areas as science in relation to social 
problems and science in relation to religion 
A difference may also appear in the type 
of validity of the data which are used 
Since a_ scientist’s problems are strictly 
tangible and objective, only tangible, objec 
tive and strictly verifiable data are accepta 
ble in dealing with them. With problems oi 
a subjective and intangible nature, however, 
it may be that the only data available are 
of a personal nature and possess only sub 


jective validity. Scientific attitude and 
basic scientific method are applicable to 
these data if we are willing to accept a 
broad interpretation of them. 


Il. MopERN APPROACHES TO 
LABORATORY LEARNING 


Within the last two decades a number of 
attempts have been made to revitalize labo- 
ratory teaching at the basic science level 
These, however, have not been recognized 
for what they really are and have gone 
under other names. The idea of laboratory 
work in the traditional manual sense has 
become so fixed in the minds of science edu- 
cators that they do not always recognize 
the natural affinities of these modern ap- 
proaches. Some of these new techniques 
are actually “anti-laboratory” in name, 
while approaching laboratory in the broader 
sense in fact. We need to recognize that 


any learning experience which involves ac- 
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tual problem solving, with application of 
scientific attitude and basic scientific method 
on the part of the student is in a very real 
sense a laboratory experience. This idea 
of problem-solving activities as laboratory 
activities is not limited by the nature of 
the problem, by the nature of the materials, 
by the nature of the place where the activity 
is carried on, or by the sometimes necessary 
impossibi!ity of applying rigid research techi- 
niques, but is qualified only by the attitude 
with which the problem is approached and 
the basic procedure applied.’ 

It is impossible within the scope of this 
paper to examine all of the types of science 
education experimentation which have been 
used or suggested, and which involve a 
laboratory approach as we have defined it. 
A number of these are described in Mc- 
Grath’s monograph, Science in General 
Education. Most of these, and others not 
described therein, are either still in the 
process of evolution, or are maintained 
permanently in such a fluid state because of 
sensitivity to student and societal needs 
that any detailed description of them is 
likely to be inadequate or out-dated by the 
time it is published. It is possible, however, 
to distinguish certain types of approach 
which are characteristic and to make com- 
parisons among these to discover elements 
which they have in common. It would ap- 
pear that there are three approaches in 
particular which utilize the idea of labora- 
tory in the sense with which we are dealing. 
These are (1) the repetition of classical 
experiments from the history of science, 
(2) the case study method, and (3) the 
problem approach. The first two of these 
are classifiable as variant aspects of the 
historical or cultural heritage type of basic 
science course organization. The third is 
characteristic of the type of organization 
based on problems and needs. 

The classical experiments approach stems 

1 The definition of laboratory work used in this 
paper is an expansion of an earlier definition 
used by the writer. See Van Deventer, W. C., 
“Trends and Problems in General Education 


College Science Courses,” Science Education, 


Vol. 33, No. 3, April, 1949. 
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out of the St. Johns College-University of 
Chicago theory of education. In the area 
of science this consists partly of “breathing 
the breath of life’ into old problems by 
means of dealing with science experiences 
historically. The answers of course, are 
known, but by approaching the problems 
in the way that the original investigator ap- 
proached them, and limiting one’s self to 
the data which the original investigator had, 
an atmosphere of re-created reality can be 
produced. This method has a number of 
advantages. Among these are the develop- 
ment of an understanding of the historical 
development of science and its relation to 
modern culture, and an understanding of 
the historical aspects of the scientific 
method. In addition it is claimed that 
problems of a relatively primitive nature, 
as most of these classical problems are, are 
simpler and therefore occasion less difficulty 
for the general student than more modern 
problems. Among the disadvantages of 
this method are the detachment of class- 
room experiences from present-day realities 
of science and living, the amount of time 
required, and failure to “cover the ground” 
usually included in a basic science course. 
The question arises as to whether these old 
problems are worth the student’s time and 
attention when their answers can be ade- 
quately ascertained in some other way, and 
the decks cleared for the consideration of 
more modern aspects. A great deal of time 
is required, both for the reading necessary 
for an adequate understanding of the basis 
of these historical problems, and for the 
working out of the problems themselves. 
Failure to cover the ground and unwar- 
ranted expenditure of time are objections 
voiced against all activities of a problem- 
solving type. 

The case study approach stems from the 
experiments of Conant and his co-workers 
at Harvard and French and his co-workers 
at Colgate. It resembles and overlaps with 
the classical experiments approach in that 
it involves detailed studies of specific cases, 
observations, experiments or problems, 
which may be of a classical or historical 
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nature. Here again the problem-situation 
may need to be re-created in the minds of 
the students by placing them in the position 
of the original investigator and limiting the 
data to those which the original investigator 
possessed. The two approaches also re- 
semble one another in that both go back to 
original sources for the statement of the 
problem, its conditions, and the data avail- 
able. These original sources consist of re- 
search publications, sometimes necessarily 
re-written for use at the undergraduate 
level. 

The case study approach does not, how- 
ever, limit itself to classical or historical 
cases. Any case, classical or contemporary, 
can be used, so long as it meets certain 
specifications from the standpoint of con- 
tent, presentation and handling. There is 
no thought, as in the classical experiments 
approach, of simply recapitulating history 
from the standpoint of cultural understand- 
ing. Rather, the cases are selected with the 
specific purpose of illustrating how a sci- 
entist works. The case study method can 
therefore be related somewhat more readily 
to present-day problems. Furthermore, 
this method does not always proceed 
toward a cut-and-dried or classical answer 
or solution. When modern cases are used 
it is possible to deal with problems for 
which we do not as yet know the complete 
answers, so that the students may be left 
to choose among several possible answers, 
one of which at present may be the “pre- 
ferred” answer, but with the others not 
definitely ruled out. 

The advantages which are cited for the 
case study method are that it develops an 
understanding of the attitudes and methods 
of scientists in terms of specific real situa- 
tions, that it forces students to think in 
terms of specific problems, and, as with 
the classical experiments approach, that it 
contributes to an understanding of the place 
of scientific procedure and scientific point 
of view in our modern cultural pattern. 
The objections which are voiced to the case 
study approach are essentially the same as 


those advanced in connection with the classi- 
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cal experiments approach, that it is too 
time-consuming, that adequate coverage is 
lacking, and that, insofar as the cases used 
are classical, they have no real relation to 
present-day situations. 

It is difficult to assign an orgin to the 
problem approach in science education, 
apart from the general growth of the pro- 
gressive education movement. Outstanding 
examples of its use, however, have stemmed 
from Teachers College, Columbia Uni- 
versity. We have long been familiar with 
the methods of science teaching at the 
general level which presented the material 
of the course in the form of a series of 
problems, grouped within natural areas, 
such as “Health”, “ Nature of the Universe”, 
“Utilization of Energy’, “Development of 
the Individual”, ** Utilization of Food’, “De- 
velopment of Life on the Earth’, and “In- 
terrelationships of Living Organisms’. This 
often tended to be nothing more than an 
attractive method of arranging and present- 
ing textual material. Nevertheless, even 
so, it constituted an advance over the older 
subject matter survey presentation. At its 
best the problem approach involves a thor- 
ough investigation of a unit area such as 
“Health” which is of vital concern to 
students, utilizing all types of in-class and 
out-of-class experiences, relating the teach- 
ing to actual living, and using the com- 
munity, its facilities and resources as a 
source of learning situations and of ma 
terials for dealing with them in a laboratory 
fashion, 

The chief advantage cited for the prob- 
lem approach, when used in this way, is 
that it brings students directly to grips with 
the kinds of problems with which they will 
be confronted as adults. They learn to 
live by actually living. The classroom and 
the community become integrated. The ad- 
vantage of learning scientific attitude and 
method by actually practicing them, and 
therefore of understanding the nature and 
relationships of science to modern life might 
well be cited also. The disadvantages 
voiced against the problem approach are 


two of those that are used also against the 
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classical experiments and case study ap- 
proaches, namely that it is too time-con- 
suming and leaves out important segments 
of basic subject matter. 

Certain assumptions are inherent in the 
All of them 
assume that it is more important in a basic 


use of all three approaches. 


science course to explore thoroughly a few 
areas than to attempt to deal superficially 
with an entire field. This is the Rogers 
“block-and-gap” technique which frankly 
deals sketchily with, or leaves out altogether, 
certain traditional while 


areas, delving 


deeply into others. No attempt is made to 
“cover the ground”.* In any basic course, 
some choice of subject matter content is 
necessary. It is no longer possible to 
cover, even superficially, any single field 
of science in a single course, much less to 
SCi- 


cover “physical science”, “biological 


ence” or science in general. Therefore it 
becomes a question only as to the extent 
to which relative coverage is desirable at 
the expense of depth. 

Likewise all three approaches assume that 
an understanding of the means of arriving 
at a solution to a problem is more important 
the itself. 


This holds as well in cases in which there 


for the student than solution 
is a recognized “right’’ solution as in those 
where there are several possible “right” so- 
lutions. The focus is changed from learn- 
ing facts for their own sake to the achieving 
of a point of view, and the development of 
an understanding of methods and techniques 
of dealing with facts, in terms of which the 
facts themselves become tools for arriving 
at further understandings. In connection 
with such procedure there is no dearth of 
factual learning, and possibly even an in- 
crease of it. 

All three approaches appear to the writer 
to overlap and merge into one another in 
the matter of the material with which they 
deal. It has already been indicated that 
the classical experiments and case study 

2 Rogers, Eric M., “Science Courses in General 
Education,” in Science in General Education, E. J. 
McGrath, editor, W. C. 
buque, Iowa, 1948. 


3rown Company, Du- 
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approaches both belong to the historical or 
cultural heritage type of basic science course 
organization, and that the case study method 
may use either classical or modern cases. 
Likewise the problem approach, when it is 
applied to an actual situation, as in the 
use of a specific community as a study- 
laboratory, becomes essentially a considera- 
tion of a modern case or set of related cases. 
Thus it appears possible to arrange all 
three approaches along a gradient from 
classical to modern depending simply on 
the area of scientific experience which they 
emphasize. 

Ill. THe 


PROBLEM-AREA APPROACH 


It seems to the writer that it might be 
well to utilize a combination of these three 
approaches, emphasizing the features that 
they have in common, and combining some 
of the desirable points of all of them. Such 
an approach involves selecting, on a block- 
and-gap basis, a few significant problem- 
areas, that is, areas in which problems sig- 
nificant to students and pertinent to their 
thinking continually arise. Such areas can 
best be discovered by actual systematic and 
recorded observation of students in class- 
room performance over a period of years. 
Of course, in connection with such observa- 
tion, the students must be of comparable 
general type, age-level and situation, and 
they must be allowed to react in a classroom 
environment which is sufficiently free to 
permit them to express their problems and 
deal with them. These problem-areas are 
then made the basis for course organization. 
Other areas in the field, not so utilized, 
may be introduced through required outside 
readings or other types of parallel course 
experiences, or left out altogether, depend- 
ing on the judgment of the teacher and the 
requirements of the situation. 

These problem-areas are then dealt with 
on a relatively free basis, centering around 
(1) the 
which have arisen historically in connection 
with the area, and (2) the modern or even 
personal problems that the instructor sug- 


more or less classical problems 


gests or that are suggested in the form of 
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questions by the students themselves. A 
certain amount of factual material is neces- 
sarily presented by the instructor at the 
beginning and at pertinent points during 
the unit. This is done, however, not in 
arbitrary fashion (e.g. “It is known that 

.’), but rather by pointing out, when- 
ever possible, the logical necessity for be- 
havior of a particular type on the part of 
nature, and the relationship between ob- 
served facts and underlying principles. 
The tentative character of all accepted 
scientific conclusions and explanations is 
continually emphasized. The facts are 
then utilized as tools for dealing with the 
problems at hand, rather than emphasized 
as something to be learned as ends in them- 
selves. 

In dealing with a classical problem the 
class first considers the historical setting 
of the problem, what the investigator had 
to work with in the way of facts, how much 
he didn’t know as well as how much he 
knew, how he planned his investigation and 
carried it through, why (probably) he did 
it this way, what conclusion he reached 
and why. ‘The situation is examined in 
such a way as to re-live it as nearly as pos- 
sible, without, however, actually re-tracing 
in the laboratory all of the steps involved. 
Consideration is then given to how he might 
have done it if he had had the additional in- 
formation which we now possess, how his 
procedure and his results might have been 
modified. In dealing with present-day prob- 
lems or personal problems a similar tech- 
nique is used, except that with the data at 
hand various possible answers or solutions 
or conclusions are examined, the evidence 
for each and objections to it are considered, 
and the students are left free to choose 
among the several possible “endings”, with 
insistence only that they be able to give the 
basis for their choice. 

In this way, within a problem-area, each 
problem, whether classical, modern or per- 
sonal, becomes essentially a case, and is 
treated as such. The presentation of a 
certain amount of factual information to- 
gether with its relationships and the logic 
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behind it short-cuts the necessity of going 
back to original sources. This saves time 
and makes possible the consideration of 
more cases. In dealing with modern prob- 
lems, however, students are encouraged to 
read current or recent materials dealing 
with them whenever these are available in 
semi-technical or popular form in books and 
periodicals. 

The cases or problems are thus con- 
sidered in a much less formal fashion than 
in any of the other three methods which 
we have discussed. It is an inherent as 
sumption with this fourth method that, just 
as you cannot deal with all problem areas 
within a field, but must make a choice 
among them, so likewise you cannot deal 
with all problems within a problem-area. 
A selection is made among them on the 
basis of (1) those historical problems which 
help to delineate the problem-area, (2) 
those modern problems which appear most 
significant in the light of our present-day 
situation, and (3) those personal problems 
which the students themselves raise. It 
should be noted that the second and third oi 
these categories overlap extensively. 

The situations and topics dealt with under 
such a procedure usually extend beyond 
the bounds of the classrooms. Students 
are encouraged to investigate for themselves 
on either a formal or informal basis those 
problems which interest or concern them 
whenever these appear to be either too 
highly individual or too expensive of class 
time to permit them to be dealt with in class 
by the group as a whole. Such out-of-class 
investigation by students, whether it in- 
volves (ne use of traditional laboratory ma- 
terials and apparatus or simply reading 
materials, becomes a true individual labora- 
tory situation, and calls for application of 
scientific attitude and basic scientific method 

The class sessions, except for those which 
involve primarily the presentation by the 
instructor of factual material, underlying 
relationships and historical background, 
tend to become what might be called ‘‘dis- 
cussion laboratories’, in which the group 


considers problems, analyzes them, ex- 
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amines them from all possible aspects, and 
arrives at a basis for drawing conclusions. 
Tentative conclusions are stated in the 
form of opinions. The role of the instructor 
is generally to hold the discussion in line 
with the problem, to point out fallacies in 
thinking, to bring collateral facts to bear 
on the problem as needed, to emphasize the 
necessity of maintaining scientific attitude, 
and to summarize, but only rarely to state 
his own opinion if the issue is controversial. 
The principal evaluation technique used 
in connection with this type of procedure 
consists of written daily class evaluations, 
upon a form prepared for the purpose. 
This form includes a section in which the 
student is asked to summarize what went 
on in the class session, and another section 
in which he is asked to analyze the class 
experience critically, picking out signifi- 
cant ideas, and giving his own reaction to 
the problem or problems involved. 
Sometimes only a single problem is dealt 
with during a two-hour class session. Some- 
times also, more than one class meeting 
may be devoted to a particular problem. 
Frequently, however, several similar prob- 
lems may be considered together, with one 
or more periods being devoted to them, as 
necessary. In such cases the natural rela- 
tionships among the problems are stressed. 
Such a technique can never be cut-and- 
dried. If it is used for two or more years 
in succession, the problems dealt with 
within a particular problem-area will be 
observed to differ to some extent with each 
year. However, certain problems, classical, 
modern and personal, .will repeat more or 
less regularly. If several sections of a 
course of this type are being taught in the 
same year, the various sections will show 
similar differences and similarities. A sylla- 
bus for such a course is difficult, though not 
necessarily impossible to prepare. 
IV. EXAMPLES OF APPLICATION OF THE 
PROBLEM-AREA METHOD 
A sample unit dealing with a specific 
problem-area may be one in genetics. 


The unit is introduced with a considera- 
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tion of the method of formation of male and 
female gametes. Instead of simply pre- 
senting the steps of spermatogenesis and 
oogenesis as purely factual material, how- 
ever, the probable course of the evolution of 
sexual reproduction is examined. ‘The 
fundamental survival value of the mixing 
of hereditary characteristics through bisex- 
ual reproduction, from the standpoint of 
increasing the probability of variability, is 
pointed out. In connection with this, ex- 
ceptions in the form of various types of 
asexual and parthenogenetic reproduction 
are discussed, with consideration of why 
(probably) in these particular cases one of 
these special types of reproduction has a 
higher survival value than bisexual repro- 
duction. Against this background the gene- 
chromosome mechanism and the necessity 
of the occurrence of the reduction division 
during meiosis to prevent doubling of the 
chromosome material with fertilization are 
presented. Likewise the place of the equa- 
tional division of meiosis and the formation 
of the polar bodies in connection with the 
maturation of the ovum are discussed. At 
all points structural and physiological termi- 
nology is introduced only insofar as is 
necessary to make the processes clear. 

Against this background the classical ex- 
periments of Mendel are dealt with as a 
specific case. The limitations of Mendel’s 
knowledge are pointed out, together with 
his rigid application of scientific method, 
his insights, his data, his calculations and 
his conclusions. The pioneer work of 
Morgan with Drosophila in connection with 
the phenonema of linkage and crossing-over, 
the identification of linkage groups with 
specific chromosomes, and the making of 
the first chromosome maps, is similarly 
treated. 

The monohybrid and dihybrid crosses, 
dominance and blending inheritance, multi- 
ple factors, sex determination and sex 
linkage are dealt with in terms of more or 
less traditional problems involving Drosoph- 
ila, black and white and rough and smooth 
guinea pigs, red, white and roan Shorthorn 
cattle, curly, wavy and straight hair in 
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humans, and negro-white human hybrids. 
\t all points the relationships of the be- 
havior of chromosomes and genes to proba- 
bility is stressed, to the extent that the laws 
of heredity are seen to be simply expressions 
of normal-curve probability or various types 
of warped probability. 

The classical problem of inheritance of 
acquired characteristics is considered. Its 
historical background, beginning with the 
work of Lamark, is presented. Here again, 
as in the case of Mendel, an attempt is made 
to see the problem through Lamark’s eyes. 
The later work of Darwin and others is 
similarly introduced, including the various 
attempts to demonstrate the inheritance of 
acquired characteristics which have been 
unsuccessful. Finally, the present day con- 
troversy between T. D. Lysenko and ortho- 
dox geneticists is discussed. An attempt 
is made to look at the problem from Ly- 
senko’s viewpoint in the light of Communist 
dogma, as well as from the point of view 
of Western geneticists with their elaborate 
chains of logical and experimental proof. 
It is pointed out that Western scientists 
have a kind of orthodoxy, too, which, while 
we ourselves hold it, we must also attempt 
to get outside it and be objective about it. 

Finally, individuals are encouraged to 
introduce their own personal problems, 
dealing with such questions as cousin mar- 
riages, heredity versus environment in mat- 
ters of disease, mental traits, human behav- 
ior, criminality and other social problems. 
Naturally only a limited number of these 
can be dealt with in the classroom, but 
students have now acquired the background, 
both of information and of general scientific 
procedure, to deal with their problems them- 
selves outside of class. The result is a crop 
of projects and informal reading reports, 
particularly in the case of the better stu- 
dents. 

Naturally this procedure is quite time- 
consuming, but the result would appear to 
be a rather thorough understanding of the 
mechanism of heredity in terms of the logical 
necessity behind its evolution, together with 
its application to modern and personal prob- 
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lems as well as classical ones. At the same 
time the unit has furnished a valuable lab- 
oratory experience in the application of 
scientific attitude and method in a specific 
area. 

A further example of the application of 
the problem-area approach may be in the 
form of a unit drawn from the physical 
sciences, having to do with the origin of 
the 
different application of the technique, dic- 


universe. This represents a slightly 
tated by the differing nature of the material. 
Here the background material presented 

; 

the kinds of bodies that the cosmos con- 


by the instructor includes a description « 


tains : planets and moons, stars and galaxies, 
comets and meteorites, the place of the 
earth and the sun in the universe, and of 
our galaxy in relation to other galaxies, the 
distance apart and relative sizes of bodies, 
the reach of our most powerful telescopes, 
the nature of light and other electromag- 
netic radiations, the probable source of 
energy of the sun and other stars, and how 
astronomers have found out the things that 
we know about the universe. 
dealt 


These facts 
the 
idea that “space is vast and relatively empty, 


are with in relation to central 
and man is insignificant physically in rela- 
tion to it.” The possibility of time and 
space being related and of space being 
limited is discussed, and is considered in 
relation to the ideas of infinity and eternity. 

The various theories of the origin of the 
universe are introduced and considered from 
the problem standpoint. Each is examined 


and evaluated in the light of available 


evidence and of basic scientific assump- 


tions. This examination proceeds in chron- 
ological order, beginning with the oldest 
theory, the Nebular Hypothesis, and in- 
cludes the Planetesimal and Tidal Hypoth- 
eses, and finally the three most recently 
The Dust Cloud Hy- 
pothesis of Whipple, the Explosion Hy- 


suggested theories : 


pothesis of Gamow and others, and the 
Continuous Creation Hypothesis of Hoyle, 
Littleton, 


with these last three more or 


Sondi and Gold. In connection 


less current 


theories consideration is given to the au- 
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thor’s original publications, since some oi 
these are available at the semi-technical or 
popular level.* In the case of each theory 
its advantages as well as its disadvantages 
are pointed out, and the student is left 
to make up his own mind. The instructor 
is careful not to present any theory as au- 
thoritative, but rather to present the con- 
cept that as we have come to know more 
about the universe, our ideas concerning 
its nature and origin have changed and 
may be expected to continue to do so, al- 
ways taking into account the tentative solu- 
tions to problems that have already been 
worked out, as well as the new ones which 
are developed. 

Here again students are given a full op- 
portunity to raise questions that have to 
do with problems of their own. These are 
Here the 
instructor points out the difference between 


frequently of a religious nature. 


faith, as used in religion, and material evi- 
dence, as used in science, and indicates the 
essential validity of each for the purpose 
for which it is used. Materials are made 
available including the opinions of famous 
scientists concerning religion. The Moody 
Bible “God Creation”, 
which includes a splendid presentation of the 


Institute film, of 


nature of the universe, is shown. The nar- 
ration in connection with this film includes 
a specific religious point of view. The stu- 
dents are told that this is not authoritative, 
but represents only one of several possible 
interpretations. They are encouraged to 
proceed objectively and tentatively, and to 
use logical, analytical methods of thinking 
in arriving at conclusions satisfactory to 
themselves, recognizing that the data on 
which they base their conclusions concern- 
ing religious problems sometimes possess 
only subjective rather than objective va- 
lidity. 

3 Whipple, Fred L., “The Dust Cloud Hypoth- 
Scientific American, May, 1948. Gamow, 
G., “The Origin and Evolution of the Universe,” 
American Scientist, Vol. 39, No. 3, July, 1951. 
Hoyle, Fred, “The Nature of the Universe,” 
Harper and Brothers, New York, 1951, 
ported in Time, Science section, “According to 
Hoyle,” Nov. 20, 1950. 


esis,” 


also re- 
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This unit thus furnishes an excellent op- 
portunity for students to deal with (1) prob- 
lems which involve limited scientific evi- 
dence, with several possible answers, all of 
which have some advantages, but none of 
which are completely satisfactory, and (2) 
problems of a highly personal nature which 
the individual must solve for himself, to 
his own satisfaction, recognizing that others 
may arrive at different solutions equally 
satisfactory to them. Both types of cases 
are important for training in the application 
of scientific attitude. 

In connection with the problem-area ap- 
proach a type of group experimental or 
group observational procedure may fre- 
quently be used. This is not suitable for 
all situations which deal with experimenta- 
tion and observation, but various variations 
of it are widely adaptable. 

In a problem-area dealing with the nature 
of science, the role of inductive and deduc- 
tive thinking, and the formulation of hypoth- 
eses, theories and natural laws, considera- 
tfon is given to the important part played by 
the law of probability. Experience in the 
working out of probability ratios is fur- 
nished through a group experiment involv- 
ing the use of coins and dice. In one part 
of this experiment the instructor tosses or 
drops coins and the class observes and 
records results. An excerpt from this part 
of the study may be as follows: 

Instructor: “Now I will flip this penny a 
number of times, making sure that it turns over 
at least once in the air in each case. Remember 
that each time it tossed the chance of its 
falling either heads or tails would be expected 
to be approximately 50:50. The results of any 
individual coin-flip cannot be predicted. It is 
only when we have a large number of flips that 
we can predict an approximately 50:50 ratio.” 

(After 30 flips the results are 18 tails and 12 
heads. ) 

Instructor: “The results so far seem to lean 
rather heavily to tails. What do you think?” 

Student A: “We haven't flipped enough times. 
Let’s do some more.” 

Instructor: “You feel that you do not have 
adequate data to draw any conclusion. You're 
probably right. We'll do 20 more, making 50. 

(At the end of 50 flips the results are 30 tails 
and 20 heads.) 

Instructor: “It seems that whatever warping 
factor was involved is still at work, although it 


is 
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is highly probable that we still have insufficient 
data. However, on the basis of the data at hand, 
can you suggest a hypothesis?” 

Student B: “It would look as if the head side 
might be the heavier, causing the coin to fall 
tails-up more frequently.” 

Instructor: “That would appear to be a work- 
able hypothesis, based on the limited data that 
we have. However, we must check it with 
additional data. Let’s try 50 flips with another 
penny.” 

(The results of tossing a second penny 50 times 
are 28 tails and 22 heads.) 

Instructor: “What do you say now?” 

Student C: “It would seem as if the new data 
would serve to strengthen the hypothesis. Possi- 
bly we could now call it a theory.” 

Instructor: “The new data certainly support 
the hypothesis, but I doubt if we can yet go 
so far as to call it a theory. However, there is 
no clearly defined point at which a hypothesis 
becomes a theory by the weight of additional 
evidence.” 


There follows a discussion as to how 
many pennies would have to be used, and 
how many times each would have to be 
flipped in order to arrive at an acceptable 
generalization concerning the question of 
whether the two sides of a penny differ in 
weight. Other methods of testing are sug- 
gested. One idea is that if the penny were 
dropped from a considerable height on its 
edge, the result might furnish a fairer test 
of whether a penny is unbalanced by a 
differing weight of the two sides. This is 
then tried out with the same two pennies. 
The results in the case of the first penny 
are 32 tails and 18 heads, and in the case 
of the second penny, 31 tails and 19 heads. 


Instructor: “The additional data, while they 
are of course still not adequate to establish any 
definite conclusion, seem only to confirm our 
original hypothesis, so far as these two pennies 
are concerned. Suppose we try a third penny.” 

(The results of flipping the third penny give 
23 tails and 27 heads and the results of dropping 
it on its edge give 26 tails and 24 heads.) 

Instructor; “What do you think now?” 

Student B: “These data certainly do not sup- 
port our theory.” 

Student C: “Is there any difference which you 
can see between the first and second penny, and 
the third penny?” 

(The instructor passes the pennies to the 
students for inspection.) 

Student D: “The third penny is older and 
appears more worn.” 

Instructor: “What are the dates on the 
pennies ?” 
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Student D; “The first one is a 1951 penny. 
The second is a 1949 one. The third penny was 


made in 1927. I think the age and the amount 
of wear might have something to do with it.” 

Instructor: “Now we have a second hypoth 
esis. It might be stated like this: If new pennies 
are heavier on the head side, they tend to erode 
differentially as they are used, wearing to a 
greater extent on the head side, so that the 
older they get the less unbalanced they are, and 
the more nearly the flipping of them tends to 
give a 50:50 ratio. Is that an adequate state- 
ment ?”’ 

(The class agrees in general, although one 
student points out that the relation between age 
and degree of wear is only an indirect and 
rather unreliable one.) 

Instructor: “Now we will not have time in 
class to test this second hypothesis, but I would 
like for you to suggest a series of experiments 
by which we might do so.” 

Student B: “You might take a series of pennies 
of different ages and different apparent degrees 
of wear, and compare them from the standpoint 
of the results of flipping and dropping them.” 

Instructor: “Well, let’s try just one more, 
How about a 1935 penny that appears moderately 
worn?” 

(The results are 23 tails and 27 heads when 
fiipped, and 22 tails and 28 heads when dropped.) 

Instructor: “What do you think of the two 
theories now?” 

Student A; “TI think we should discard them. 
These data completely contradict both of them.” 

Student D: “I don’t think that we should com 
pletely discard them on the basis of one piece of 
conflicting evidence After all, we had three 
other pennies that yielded results in conformity 
with them. I think that we should simply suspend 
judgment until we can try some more pennies.” 


When the class period is drawing to a 
close, the instructor asks how many indi 
viduals would like to try some further ex- 
perimenting with pennies on their own. A 
number of members of the class volunteer. 
The instructor appoints a chairman to 
collect and correlate the data in an attempt 
to arrive at a generalization which will 
include the results of the entire group, 
either supporting the two hypotheses or 
proving them inadequate. 

From the standpoint of the instructor it 
makes little difference whether the further 
experimentation supports or disproves the 
hypotheses. The students have observed 
scientific method and attitude at work, and 
have participated actively in the use of 
them. It appears probable that this type 
of group experiment with relatively simple 








170 


items may well give better training in the 


relative and deductive 


thinking, consideration of the validity of 


roles of inductive 
evidence and adequacy of sampling, and the 
formation and testing of hypotheses and 
theories than is the case with most tradi- 
tional types of individual laboratory work. 

A somewhat similar use may be made of 
field studies. In connection with a problem- 
area dealing with the interrelationships of 
man and his living environment, a number 
of class field trips are taken. One of these 
is to an area which includes a filled-in, small, 
artificial lake. This was formed originally 
by damming up an intermittent stream 
which drained the neighboring pastured 
hillsides. Shortly after the lake was made, 
one man, who owned a part of the water- 
shed, plowed it up and grew corn on it, with 
The little 
was very quickly filled and became a swamp. 


resulting heavy erosion. lake 
Later the town near whose edge the lake 
was situated began to wash its coal supply 
on the headwaters of the stream that fed 
the swamp, with the result that new layers 
of mixed soil, gravel and coal debris were 
deposited. In the meantime, ecological suc- 
cession began to take place on the filled 
area, with the oldest vegetation developing 
where the fill began, and the youngest 
stages being found next to what remained 
of the standing water at the lower end. 
Finally, very recently, the owner of the 
area made an opening in the dam, with the 
result that a deep ditch has cut through the 
whole length and depth of the fill, cutting 
down to the original valley bottom, and 
draining what was left of the swamp. 
The class is taken to this site after having 
been given general instruction on the proc- 
esses of ecological succession and the re- 
lationships of vegetation types in the region, 
and after having had considerable experi- 
ence in interpreting ecological and physio- 
graphic relationships in connection with 
earlier field trips. The area is presented 
asa problem. The members of the class are 
asked to observe it and interpret it as well 
as they can, setting forth the probable 
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physiographic, ecological, and human cul- 
tural factors involved in its development. 

They note the presence of the dam with 
the hole in it, the fill, with its zones of 
the 
eroded hillside, now returned to pasture, 


swamp vegetation of varying ages, 
the deep ditch cut through the fill, obviously 
very recently since the sides of it are sharply 
cut and steep. 
in the fill: 
bottom, (2) the displaced layer of top soil 


Finally, they see the layers 
(1) the original rocky valley 


which was carried down from the neighbor- 
ing field and deposited first, (3) the layer 
of gravelly subsoil from the field which was 
deposited on top of this, and (4) the layer 
of coal dust and other debris, including some 
soil, which was deposited on top of the sub- 
soil. 

These observations constitute the avail- 
able data. The students, working as a 
group, reconstruct what they can of the 
probable history of the site and the various 
factors which have been involved in making 
it as it is, together with the probable time 
relations. It is pointed out by the instructor 
that these reconstructions are essentially 
hypotheses, and are very similar in type to 
the hypotheses worked out by geologists and 
archeologists in their interpretation of the 
sarth’s past. The question of testing such 
hypotheses is considered. It is shown that 
in geology, archeology and kindred sciences 
where similar techniques are used, anything 
like complete or even adequate testing is 
in some cases impossible. However, par- 
tial testing, involving prediction on a deduc- 
tive basis. of the nature and location of 
probable additional data is usually possible, 
and this is done insofar as it can be. 

In the present case it is possible to test 
the hypotheses which have been suggested 
This 


could be done by students on an individual 


by an investigation of local history. 


or group basis, but because of the need for 
conserving time, the material is presented 
to the the who has 


familiarized himself with the local history 


class by instructor, 


of the site by means of interviews with local 
residents. 
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Collateral problems of a general con- 
temporary nature, such as those of soil 
conservation, water supply and wild life 
relationships may arise in the minds of indi- 
vidual students in connection with this 
study, and may lead to investigation by 
them through out-of-class projects and in- 
formal reading. Here again it appears that 
a group experience in scientific analysis 
may give valuable training in connection 
with the development of an understanding 
of scientific attitude and method. 


V. SUMMARY 


It appears that the laboratory method of 
study which has always formed the very 
heart of science learning, has crystallized 
very frequently at the elementary level and 
the level of general education into some- 
thing which is laboratory in name only. 
It does not represent a true laboratory ap- 
proach at all, in the sense that a laboratory 
activity is primarily a problem-solving ac- 
tivity. The use of the usual substitutes for 
individual laboratory work in general 
courses, particularly in the form of audio- 
visual aids and demonstrations, while they 
are very effective as teaching tools, does not 
really furnish an answer to the laboratory 
question. This question involves essen- 
tially the recognition and motivation of 
really significant problems at the student 
level, and the giving of practice in solving 
them, with the function of developing an 
understanding of scientific attitude and 
basic scientific method. 

Three techniques of meeting the need 
for a true laboratory approach are ‘being 
tried out at the level of general education. 
These are the classical experiments, the 
case study, and the problem approaches. 
These tend to overlap in the sense that they 
all deal with specific situations or cases, and 
have certain essential features and_ basic 
assumptions in common. The most im- 
portant of these assumptions are (1). that 
an understanding of the technique of reach- 
ing a solution is more important to the 
student than the particular solution which 
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is reached, and (2) that it is better to ex- 
plore thoroughly a few areas than to at- 
tempt to deal superficially with an entire 
field. 

It appears to the writer that a fourth 
and somewhat more flexible approach to 
the laboratory question may be found in 
dealing with a group of selected problem- 
areas, defining these as areas in which prob- 
lems significant to students exist or arise. 
These problem-areas are utilized through 
a technique in which the instructor is re- 
sponsible for presenting basic factual ma- 
terials in terms of ideas and relationships, 
and then proceeding on a relatively free 
basis to study the naturally-occurring prob- 
lems in the area as specific cases, whether 
these are classical, modern, or personal. 

Such problem-areas may sound super- 
ficially very much like the units of a tradi- 
tional course: “The Interrelationship of 
Man and His Living Environment’, “The 
Nature of Science”, “Evolution”, “The 
Nature and Origin of the Universe’. In 
the method of treatment, however, the de- 
parture from traditional types of presenta- 
tion and methodology becomes very sig- 
nificant. Each area is a fruitful source of 
origin for problems which can be dealt 
with as cases. The consideration of these 
is carried on as far as possible on a group 
or class basis, but where necessary it is 
done on an individual or project basis. 

Semi-technical or popular “original” 
writings are used as source material in 
cases where they are available and desirable 
or necessary. Other references are used, 
along with the knowledge and experience 
of the instructor and students, depending 
on the nature of the problem. No sys- 
tematic attempt is made, however, to base 
consideration of problems entirely on origi- 
nal sources, as is done with the classic 
experiments and case study approaches. 

The result of this procedure would ap- 
pear to be an understanding on the part 
of students, through practice, of scientific 
attitude and method, which is difficult or 


impossible to achieve under traditional 
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laboratory teaching, and is at least equal 
to that obtained under the classical experi- 
ments and case study techniques. The 
writer believes further that such a problem- 
area approach, with its insistence that 
the problems used be significant for stu- 
dents, is more easily motivated than any 
approach which is based wholly or in large 
part on the history of science. At the same 
time it would appear to achieve results 
comparable to those of the best examples 
of the problem approach in terms of its 
closeness to actual living. 
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SCIENCE EDUCATION AND THE DEVELOPMENT OF ABILITIES 
TO COPE WITH PROBLEMATIC LIFE SITUATIONS 


WILLARD J. JACOBSON 


Teachers College, Columbia University, New York, New York 


N all studies or investigations, we make 
l some fundamental assumptions. Some 
justification is assumed for the study. In 
other words we must answer a “should” 
question before we can undertake to deal 
with the “how.” In making this study, the 
fundamental assumption was made that we 
can and should help individuals and groups 
to develop the abilities to recognize and 
cope with problematic life situations of 
which they are a part. It was also assumed 
that the development of these abilities was 
necessary if individuals and groups were to 
develop and grow in a socially desirable 
direction. Based on these assumptions, this 
study sought operational answers to the 
question of how these abilities to cope 
with problematic life situations could be 
developed. 

A problematic life situation is a situation 
in which individuals can or do recognize 
problems. A problem, in turn, is defined 
as a difficulty, obstruction or inconsistency 


recognized by an individual. A problem is 
not an assigned task or a mental puzzle; it 
is a difficulty or perplexity which is recog- 
nized by an individual and with which he 
must in some way cope. No problems are 
perceived in a vacuum, but they are part of 
an on-going problematic life situation of 
which the individual is a part. It may be 
that we will recognize many problems in a 
situation. Before these problems can be 
dealt with, we must by some means make 
a choice of priority as to which problems 
should first command our attention. Our 
concern is to help students to develop the 
abilities to investigate problematic life situ- 
ations, locate and define the problems that 
can be recognized, determine which prob- 
lems must or should be dealt with first and 
then to be able to deal with problems using 
methods that have been proved to be effec- 
tive and have the greatest likelihood of 
success. Three areas were investigated for 
suggestions for developing these abilities: 
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Previous proposals for the 
development of these abilities 
through science education. tions. 











I II 
Analysis of the act of coping 
with problematic life situa- 


IT! 
Values and value judgments 
and their role in problematic 
situations. 








| 


i 
¥ 








Science Education and the 
to Cope with Problematic Life Situations. 


Development of abilities 








1. Previous Proposals. Man has always 
been meeting, in some manner, the prob- 
lematic situations that have confronted him. 
We may locate three so-called primitive 
modes of response. (1) Wish. Perhaps, 
the simplest. reaction is merely to wish that 
a situation were different and not prob- 
lematic. In some situations, such a re- 
sponse may prove disastrous. (2) Magic. 
The inadequacy of merely wishing soon 
becomes obvious; an attempt may then be 
made to appeal to and use natural forces 
without necessarily making any attempt to 
understand the various forces that may be 
at work. (3) Extra or supernatural. 
When methods over which an individual 
has control fail to alleviate his difficulties, 
he may turn to forces which are “revealed” 
outside of nature which he hopes may save 
him.? 

All of these responses are natural. An 
individual searches for ways and means to 
cope with difficulties. When he becomes 
concerned about the difficulties in which he 
is involved, he will attempt to make his 
actions consistent with his previous experi- 
ences. If the situation is desperate and his 
base of experience is limited, the individual 
may resort to any of these possible re- 
sponses. Our concern is to help students 
to find the best possible courses of action to 
deal with their problems. In science edu- 
cation our attempts to develop these abili- 
ties may be classified into five general 
categories. 

1 These developments in man’s methods of solv- 
ing his problems are described in such sources as 
Sir James George Frazer, The Golden Bough 
(New York: Macmillan Co., 1931) p. 711 or in 
Bronislaw Malinowski, The Foundations of Faith 


and Morals (London, England: Oxford University 
Press, 1936, p. 59-60). 


1. Methods based upon a reliance on 
fixed authorities. This approach assumes 
that the best answers to all or most of the 
problems that people face have been found. 
An education based upon this assumption 
will concern itself primarily with studying 
the answers to problems as they are stated 
in the fixed authorities and thence guiding , 
our actions in accordance with these “dis- 
tilled truths.” * 

2. Methods based upon an_ intensive 
study of a select portion of science subject 
matter. A limited amount of science sub- 
ject matter is studied intensively, and 
special attention is paid to the logical struc- 
ture of science and to its expressed method 
of dispassionate investigation. Training in 
the logical methods of dealing with scientific 
problems, it is contended, will help us to 
deal with the problems of life.* 

3. The study of the development of 
selected scientific concepts. This is what 
may be called the case history approach. 
An attempt is made to develop an under- 
standing of the methods of science through 
the study of how scientific problems have 
been dealt with and how some of our impor 
tant scientific concepts have evolved. It is 


hoped that a study of how these problems 


“ This approach has led to many conflicts. A 
vivid description of some of the conflicts that 
were observed in a Midwestern high school may 
be found in A. B. Hollingshead’s, Elmtown’s 
Youth (New York: John Wiley & Sons, 1949) 
p. 247. 

8 One of the earliest proponents of this approach 
was the English mathematician and scientist Karl 
Pearson in his Grammar of Science (New York: 
Macmillan Co. 3rd. Ed. 1911). It is interesting 
to note the similarities between Pearson's argu- 
ments and many of the statements that are now 
being made in support of the “block-and-gap” 
method of teaching science. 
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have been solved will help students to see 
their own problems in a new light and to 
have a chance to make a better adjustment.* 

4. Methods growing out of an analysis 
of the problem-solving process. It has been 
suggested that, instead of looking to the 
existing bodies of information for sugges- 
tions, we should turn to an analysis of the 
actual thinking or problem-solving process. 
What is the nature of the act of solving 
problems, and how can we educate people to 
resolve problems in what would seem to be 
the best possible manner?’ In most of the 
literature, this process has been called re- 
flective thinking. In this approach, em- 
phasis may be placed upon the development 
of discrete abilities, such as how to do 
library research or how to analyze state- 
ments of fact. At other times, an attempt 
may be made to develop problem-solving 
abilities by dealing with the problems that 
face the young people involved.® 

5. The study of community problems. 
As a result of the educator's commitment to 
deal with matters which are of concern and 
have meaning to the individuals involved in 
a group and the growing realization that 
many so-called personal problems have 
public dimensions, an approach to science 
education has been developed which centers 
its attention upon community problems 
which are recognized by the young people 
classroom. In this 


in the approach, an 


attempt is made to gain an understanding 


of some of the community problems that 


must be faced, develop methods and 


means to cope with individual and group 


‘The most popular statement of this position 
is given by James B. Conant in On Understanding 
Science (New Haven, Conn.: Yale University 
Press, 1947). Also see Conant’s The Growth of 
the Experimental Sciences. An Experiment in 
General Education. (Cambridge, Mass.: Harvard 
U. Press, 1949). 

* This position is perhaps expressed in 
the Progressive Education Association Report, 
Science in General Education (New York: Apple 
ton-Century-Crofts, 1938) also see John Dewey's 
How We Think (Boston: D. C. Heath 
Company, Revised Edition, 1933). 
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problems and alleviate actual community 
difficulties.® 

Operational Generalization: 1. Science 
educators have expressed a concern for the 
development of abilities to cope with prob 
lematic life situations. There seems to have 
been a growing realization that, in order 
for this type of education to be successful, 
there must be the clearest possible relation 
ship between the situation in which students 
will have to solve their planned educational 
activities and the actual student experi- 
ences. In addition, if we may borrow from 
related experiences in the field of psychol 
ogy, these relationships should be recog- 
nized by the students involved. This would 
tend to suggest that, in order to develop 
these abilities, our educational activities 
should be as closely related as possible to 
the student's present and future problematic 
life that the 


activities should be of such a nature that the 


situations, and educational 
students will be able to recognize this rela- 
tionship as they work in their own prob- 
lematic situations. 


An 


attempt was made to derive suggestions for 


[l. Action in a Problem Situation. 


the development of problem-solving abilities 
by analyzing our behavior as we meet and 
cope with problems. We have had a long 
period of experience in dealing with prob- 
lems. From these experiences we have 
derived knowledge which, if used to guide 
our actions in a problem situation, will tend 
to increase the probability of achieving 
desirable results. Various procedures and 
factors involved in problem-solving were 
analyzed. 

A. Problem identification. We exist in 
a situation and problems are problems as 
they are recognized in situations by individ- 
uals. One of the most important and diff- 
cult aspects of operating in problematic 
situations is that of identifying the problems 


that are the most worthy of our attentions. 


® Some of the best descriptions of this approacl 
are to be found in Laton, Anita and Powers, S. R., 
New Directions in Science Teaching (New York 


McGraw-Hill, 1949). 
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In a sense, it is concerned with choice of 
direction and course of action. How can 
we choose that which is the most important 
for us to do in our particular situation ? 

b. Points of reference for viewing a situ- 
ation. What are some of the possible ways 
of viewing a situation which may help us to 
resolve it? Three general methods were 
studied and described. (1) The objective 
approach in which we try to depersonalize 
the situation and remove ourselves as much 
as possible from the situation to be studied. 
(2) The personal frame of reference ap- 
proach in which we attempt to view the 
situation from the point of view of the indi- 
vidual most involved in the situation. (3) 
The shifting point of reference approach in 
which we choose, recognize and make ex- 
plicit our position in a situation, and vary 
that position as changes in point of refer- 
ence would seem advantageous. 

C. Problem sensitivity. We must be 
aware of a problem before we can deal with 
a problematic situation. We tend to be- 
come aware of a problem when the situ- 
ation, as it exists, does not meet our 
expectations of what the situation might be. 
This picture of a better situation serves as 
a means of helping us to become aware of 
problems. A physicist searches for the 
simple explanations for phenomena in 
which the fewest possible basic assumptions 
need to be made. When substances such 
as ether have to be hypothesized in order 
to have an explanation, the concept of sim- 
plicity is challenged, and he is aware that 
simpler answers may be found. The desire 
for the simplest possible answer is a norma- 
tive concept of a better situation and serves 
the function of assisting the physicist to 
become aware of the problem. 

D. The first steps. The initiation of 
inquiry poses a difficult question. Descartes 
suggested that the first step should be to 
eliminate from the mind everything that 
was not so clearly and distinctly known that 
there could be no grounds for doubt, and 
from these known facts reach a solution by 
a process of deduction. PBaconians, on the 
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other hand, would immediately try to collect 
as many facts as possible and attempt to 
reach a solution by a process of induction 
Both of these methods of approach entail 
obvious difficulties. What is known bevond 
a shadow of a doubt? How can facts be 
collected indiscriminately? Another sug 
gested approach is to use the determinate 
or “known” elements in a situation to 
formulate an hypothesis. This hypothesis 
can then be used to investigate for more 
facts which can be used to suggest more 
fruitful hypotheses until we reach some 
kind of a conclusion or answer 

Kk. Fruitful hypotheses Fruitful hy 
potheses may be said to be the key to suc 
cessful problem-solving. Hypotheses are 
suggested answers and recognized relation 
ships between known elements in a situatio1 


which can be used to extend and co-relate 


inquiry. Hypotheses are primarily tools 
for investigating situations. We do not 
proceed at random. Charles Darwin is 


quoted as saying, “How odd it is that any 
one should not see that all observation must 
be for or against some view, if it is to be of 
any service.” There are suggestions fo 
deriving new and fruitful hypotheses. <A 
look at a problematic situation from another 
point of reference, will help us to see ele 
ments of a situation in a different relation 
ship. Langmuir, for instance, improved the 
electric light bulb, not by finding means for 
exhausting more air from the bulb, but by 
filling it with an inert gas under pressure. 
In other cases, a school discipline problem 
which we have been attempting to view as 
objective, dispassionate observers will ap 
pear in a new light if we attempt to view 
it from the eyes of the child who is very 
much involved in the situation. As sug 
gested in “B,” a shifting point of reference 
may help us to new and useful relationships 

F. The evaluation and use of sources of 
information. In most problematic situ 
ations, we have to depend upon secondary 
sources for much of our information. We 
can make an attempt to check these sources 


by asking relevant questions. Has there 
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been an attempt to collect information both 
for and against the statement of fact? Does 
the information from one source check with 
that from another? Is evidence given to 
support the statement of fact?’ If there 
is none presented, why is it being withheld? 

We depend more and more upon the 
expert in coping with problematic situ- 
What should be his role? 
provide us with much information that 


ations. He can 
might not otherwise be available to us or 
could be obtained only with the greatest 
difficulty. He can help us to locate sources 
of information which in turn will make for 
economy of effort in our attack upon a 
problem. On the other hand, there is a 
danger that the expert will completely 
direct our behavior in the situation. In 
general, the position taken was that the 
expert can help, but the basic policy de- 
cision should be made by the individual or 
individuals most directly concerned in the 
situation. Many of us are dependent upon 
a radio repairman to fix our damaged radio 
or to advise us in the process of buying a 
new one. If there were no expert avail- 
able, we wouldn’t have a choice as to 
whether to repair or to buy. Through his 
services, we can have a choice. He can 
provide us with alternatives and informa- 
tion in support of various alternatives. 
However, he cannot weigh these alterna- 
tives in terms of our needs and desires and 
should not, therefore, make our policy 
decision. 

G. The group approach to problem solv- 
ing. In many instances, similar problems 
may be recognized by various individuals 
and they may attack the problem as a 
group. This group approach to problem- 
(1) It can 
help us to get a more adequate picture of 


solving has several advantages : 


the situation. as a whole. (2) A group 


7 Glaser found that this attitude of wanting evi- 
dence for beliefs was the one most subject to 
general transfer, and, hence, of great importance 
in an educational program. Edward Maynard 
Glaser, An Experiment in the Development of 
Critical Thinking (New York: Teachers College 
3ureau of Publications No. 843, 1941, p. 175). 
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working together, has a much wider base 
of experience to draw upon for hypotheses 
or possible answers to a difficulty. (3) 
Group discussion can be more conducive to 
an exacting critical analysis of proposed 
answers to a difficulty. (4) “Problem 
priority” may be decided by all the indi- 
viduals involved in the situation. (5) 
Group deliberation gives all those con- 
cerned in the situation a voice in deter- 
mining what should be done. If we are 
concerned about what should be done, we 
may be concerned that it will be done. 

Operational Generalizations: 1. We have 
problems only as they are recognized by 
individuals. 

2. Problems are perceived in situations. 
Based upon our previous experiences we 
may predict that there are elements in our 
situation which, upon investigation, we 
may recognize as problems. 

3. Hypotheses can serve as_ unifying 
tools in our investigation of a problematic 
life situation. 

4. Hypotheses are recognized relation- 
ships between elements in a situation. One 
of the helpful means for recognizing these 
new relationships is by changing the point 
of reference from which the situation is 
viewed. 

5. If an individual can recognize a prob- 
lem, he is involved in a problematic situ- 
ation. Actions can be better understood if 
an attempt is made to ascertain the nature 
and scope of this involvement. 

6. Individuals may recognize similar 
problems and deal with them as a group. 
As a group, they can pool their experiences 
to make a broader base to which elements 
of a problem can be related. 

III. Values and Value Judgments in 
Problematic Life Situations. At certain 
times, we must make decisions as to which 
of alternative directions we wish to go. 
The choice is made in terms of criteria. In 
a crude sense, these criteria may be said to 
be our values, and the judgments that we 
make in terms of these criteria are then 
value judgments. 
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One of the outstanding contributions of 
cultural anthropology has been the knowl- 
edge that different cultures have different 
systems of values and, hence, will approve 
and encourage different modes of action. 
The Kwakiutls of the Pacific Northwest, 
for instance, had a system of values that 
differed from the values of a developing 
technological society that impinged upon it. 
Both systems had merit in their own par- 
ticular context. Upon contact, however, 
their differences led to struggle. Northrop 
has suggested * that our value systems are 
the result of our interactions with certain 
aspects of nature. Differences in value 
systems arise because different cultures 
have generalized their value systems from 
different observable facts 

Our values also change from time to 
time. Smoking in one situation may be a 
means of pleasant relaxation. In a dyna- 
mite factory it is undoubtedly immoral. It 
is immoral because, on the basis of other 
experiences, we can predict that it might 
lead to consequences that would be dis- 
astrous. In another example, we do not 
subject the criteria for non-deliberative 
judgments to the same rigorous analysis as 
is used in deliberative judgment. These 
judgments are often called “intuitive” or 
“snap” judgments. However, if an air- 
plane went into a spin, we would tend to 
depend upon the “snap” judgment of a 
pilot who has had experience flying air- 
planes. In such a situation, we would 
hesitate to trust the judgment of a success- 
ful businessman or a philosopher even 
though they might, if there were time, sub- 
ject the situation to a great deal of de- 
liberative thought. 

The thread that is continuous throughout 
our description of the differences between 
cultural value systems, the changes in our 
values from time to time and from place to 
place, and the characteristics of intuitive 
judgments is that our values are derived 

8F. S. C. Northrop, The Logic of the Sciences 


and the Humanities (New York: The Macmillan 
Company, 1947, p. 337). 
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from, and the result of, our experiences. 
Criteria or values are not handed down to 
us or derived from some vague, obscure 
source, but they have been developed as the 
result of our experiences in the various situ- 
ations in which we have been involved. In 
a sense, they may be said to have been 
derived from our actions in our natural 
environment, and will alter and change as 
we have further actions. Since science may 
be defined as an attempt to bring the results 
of our experiences into a consistent rela- 
tionship with each other, we are describing 
what would seem to be a desirable process 
in the area of value judgments, and, if this 
is the case, values and value judgments are 
proper and much needed areas for scientific 
study.” There is a strongly supported 
claim that values and value judgments may 
be found in all problematic situations, in- 
cluding the “scientific.” There is certainly 
general agreement that they enter into the 
problems of everyday life. 

Knowledge, values and action are very 
much interrelated. Knowledge is what is 
retained or derived from an experience, and 
may be potentially used to direct our activi- 
ties. It both limits and frees. It limits it 
the sense that we cannot do that which we 
do not know, or we may know that there 
are some things we cannot do. It frees in 
the sense that it opens up possibilities for 
actions that were not previously known 
Of course, an abundance of information 
does not necessarily lead to wise action 
An abundance of information about the 
characteristics of lava flow will probably be 
of little value to a very hungry boy who has 
nothing available to eat. In other words, 
we have to know how much value to place 
upon various elements of information so 
that we may order our actions in dealing 
with a problem. Values, in this sense, are 
the knowledge by which we determine the 

® Churchman not only places ethical judgments 
within the realm of science, but also states that 
scientific facts imply for their meaning a judg- 
ment of value. C. West Churchman, Theory of 
Experimental Inference (New York: The Mac- 
millan Company, 1948) p. vii—viii 
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relative value of any particular information 
in a problem situation. Criteria can be, 
and were, developed whereby information 
can be evaluated in general terms and its 
value in a problematic situation predicted. 
These suggested criteria were: 

(1) The knowledge should have been 
arrived at as a result of an examination, 
analysis and evaluation of all possible evi- 
dence. Pertinent evidence should not have 
been excluded on the grounds that it would 
lead to some other result. 

(2) None of the evidence can be secret 
and unavailable to others able and willing 
to seek it out. If experimental results are 
given as proof, these results must be 
capable of being tested in any experimental 
situation in which the conditions of the 
original experiment can be approximated or 
duplicated. 

(3) All the evidence and all the find- 
ings should be regarded as being hypo- 
thetical and subject to change in lieu of 
further observation, experimentation, and 
investigation. 

(4) The knowledge must be consistent 
with the rest of our fund of knowledge. If 
there are obvious discrepancies, questions 
must be raised as to the validity of this bit 
of knowledge as well as to the validity of 
that portion of the fund of knowledge with 
which it is inconsistent. 

(5) There should be a consensus of 
opinion among those who have investigated 
the evidence thoroughly that any particular 
statement is, at a particular time, the best 
possible knowledge. 

These criteria can help us predict the 
general value of information. Further 
evaluation should be made in terms of the 
conditions existing in any specific prob- 
lematic situation before the information is 
used as knowledge to guide action. 

If the hungry boy were to attack the 
problem of how to get something to eat, he 
would have to depend upon and evaluate 
the information that is available to him. 
Information concerning lava flow would be 
of little value to him in this particular situ- 
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ation. He will know that the bread he sees 
in the bakery store window is edible while 
the glass in the window is not. This know]- 
edge concerning bread may lead to an 
attempt to get the bread to satiate his hun- 
ger. If he is very hungry, there is little 
probability that he will hesitate to break the 
bakery store window. He may have a 
respect for the bakery owner’s property ; 
he may realize that in breaking the store 
window he may be subject to punishment, 
but, in this situation, he places a value upon 
bread that transcends all of these other con- 
cerns. He is willing to transgress the 
bakery owner’s property and to risk future 
punishment in order to get the bread. 
However, he is limited in this situation by 
the amount of information that is at his 
disposal. He knows of only one source of 
bread that is available to him. If there 
were a free source of food available to him 
around the corner, we would probably 
judge that his decisions were unwise. 
It would be judged unwise by the same 
criteria as any other decision: as the result 
of this action the best possible consequences 
did not ensue. The penalty for breaking 
the store window might make the hasty 
acquisition of bread a dubious gain. 
Actions and hence values are judged in 
terms of what happens or what we predict 
will happen as a result of action. Our pre- 
dictions are made in terms of consistency. 
Are our actions consistent with our desire 
to reach a certain goal? We value certain 
actions because they will lead to certain 
desired objectives. This suggests that our 
values may be evaluated in terms of the 
goals toward which they lead. Will they 
help us to reach the goal? All goals, in 
turn, are means for the achievement of a 
broader, more-encompassing goal. As 
means, they can be measured and evaluated. 
In a simple illustration, a high school stu- 
dent may have as a broad objective the 
attainment of a college education. The 
possibilities for a summer vacation may 
then be evaluated in terms of this broader 
goal. Which course of action—vacation in 
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Canada or a summer job—will be the most 


conducive toward the achievement of a col- 
lege education ? 

All ends and goals are contingent upon 
survival. No other ends can be achieved 
unless we survive. It is usually individual 
survival, but it may be survival in terms of 
a group. Survival may be viewed as the 
necessary means for the attainment of any 
goals. It has often been stated that all 
ends may be viewed as means toward an 
all-encompassing goal. This goal has been 
called such varying terms as “happiness,” 
“pleasure,” or “self-realization.” Any end 
may be evaluated as means toward a 
broader, more general end. These ends 
may be viewed as means for the achieve- 
ment of other goals in the direction of the 
broad, general goals of “happiness or pleas- 
ure.” However, these broader, more gen- 
eral goals may also be viewed as meanis. 
They are the means for the selection of 
other objectives, and they may be evaluated 
in terms of their usefulness in making these 
selections. The cycle is, thus, complete, 
and all of these evaluations or predictions 
of value can and have to be made in terms 
of consistency. How much will any par- 
ticular action contribute toward the achieve- 
ment of a further goal? It also leads to the 
suggestion that many value conflicts can be 
studied in terms of how much any proposed 
action will contribute toward the achieve- 
ment of a commonly-accepted, general goal. 

Operational Generalizations: 1. Our 
knowledge and values are the result of our 
experiences. They may change as we have 
new and different experiences. 

2. Ends and means are continuous. We 
choose our means in order to best achieve 
the ends we have in view. These ends-in- 
view are, in turn, means for achieving 
broader, more general goals. To complete 
the continuum these broad, general ends 
may also be evaluated as means in that they 
can be used for selecting means and less 
comprehensive ends-in-view. 

3. It is generally more advantageous to 
resolve value conflicts by evaluating them 
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in terms of commonly-accepted, general 
goals rather than by direct comparison. 

4. A comprehensive test of knowledge 
and values is in terms of their operational 
results in relation to broad, general goals. 
These operational results may be predicted 
on the basis of past experiences. 

IV. Science Education and the Develop- 
ment of Abilities to Cope with Problematic 
Life Situations. In a science education in 
which we aim at the development of abilities 
to cope with problematic life situations, we 
should primarily concern ourselves with the 
problems that are recognized by the stu- 
dents involved."” The “problem approach” 
is difficult, and whenever we attempt to 
operate in this orientation, certain ques- 
tions arise. On the basts of this study, sug- 
gestions were offered which may help in 
finding answers to about twenty of these 
questions. Three of these questions will be 
discussed below. 

1. How do we start? This is one of the 
most persistent questions raised concerning 
the problem approach. As in other prob- 
lems, the identification, location and stating 
of a problem in terms that can be handled 
is difficult but of extreme importance. A 
value judgment must be made as to what 
are the problems with which we should be 
concerned. These decisions should be con- 
sistent with our best knowledge concerning 
the situation. Our first task would then 
seem to be to acquire or become familiar 
with this knowledge and use it in making a 
wise choice. There are several ways in 
which this can be done. The group may 
make an initial overview of the situation to 
identify and determine the problems and 
problem situations which they as individ- 
uals recognize. A survey may be made to 
find what the various members of the group 
and community identify as being the major 


problems. Often, questionnaires and inter- 


1° This statement and its psychological and 
philosophical bases were amplified in a previous 
article. Willard J. Jacobson, Science Education 
and the Development of Abilities to Cope with 
Problematic Life Situations, Science Education 
35 :156-159. 
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views may be used. Students may be asked 
to bring in lists of what they consider to be 
the major problems that confront them, or 
they may be suggested in early group 
discussion. 

In this early stage, the teacher plays a 
crucial role. He, especially if he has had 
experience in the situation, will usually 
have considerable knowledge concerning 
the situation and the resources that are 
available. He may very well have assisted 
in a previous survey; know of various 
sources of information and have technical 
knowledge that may be applied to the situ- 
ation. These resources should be made 
available to the group. In many cases, the 
teacher may very well describe and explain 
the problems as he has identified them in 
his experience. They may not actually be 
the most important problems. However, 
they certainly should be brought to the 
attention of the group. Other members of 
the group may also have a rather clear idea 
of what the important problems are, and 
again, these resources should be made avail- 
able and considered. 

It is important that all individuals con- 
cerned should have a voice in determining 
what problems should be given more ex- 
tensive consideration. It is also highly 
desirable that a high degree of agreement 
be achieved. This is one of the primary 
reasons for attempting to bring as much 
knowledge and understanding concerning 
the problems into the situation as possible. 
There will probably be little agreement if 
there is little knowledge concerning the 
issues involved and uninformed choices 
must be made. It is important that all 
those who are concerned have a voice in 
making the decision if the educational ex- 
perience is to be significant and have 
meaning. 

These are general suggestions for making 
a start. They will have to be adapted, modi- 
fied or perhaps completely discarded in 
some situations. A large group will have 
to operate in a different manner than a 


small one. A class in a private school may 


3 


DUCATION [ Vor. 37, No 
have to use different tactics than one in 
public school. A group of college students 
can and will operate in a different manne 
than a group in the first grade. In most 
of these situations, however, some of thes« 
suggestions should be considered if the 
problem-approach is to be used. 

2. How can we deal with controversial 
community problems? Again, problems 
are recognized by individuals, but many 
individuals may recognize similar problems 
When several or many individuals recog- 
nize similar problems and then work to- 
gether on them, we may say that we have 
a.community problem. 

Because these problems are important 
they tend to become controversial. It 
means that individuals are deeply involved 
in the situation and already hold definite 
views. Individuals have already recognized 
common elements in a situation and have 
perceived a strong, direct relationship be- 
tween these elements and elements derived 
When these 
relationships are strong and direct, the views 


from their past experiences. 
are firmly held. When firmly held views 
compete, controversy may ensue. A com- 
mon example would involve individuals 
who have deeply-held religious convictions. 
\\ hen various individuals conjointly recog- 
nize an element in a problematic situation 
and perceive a direct relationship to their 
religious convictions, we will probably have 
a controversial situation. The controversy 
results from the rigidity with which posi- 
tions are held. 

Many teachers may tend to shy away 
from such problems. Many of our past 
experiences would tend to show that they 
have ample justification for doing so. 
However, most of these problem situations 
deeply affect alt members of the group, and 
the impact of the situation may be felt in 
anything that the group attempts to do. 
Since many of these situations do affect us 
to a great extent, they very often cannot be 
ignored and must be brought under our 
scrutiny and attention. There are certain 
considerations that will help us in the study 
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of controversial problems. From them we 
may develop the climate of opinion needed 
to study the problems as well as increase 
our effectiveness in the problem situation. 

We should make an attempt to under- 
stand the reasons for the controversy. Are 
there valid reasons for individuals holding 
to certain positions with great tenacity? 
What have they to offer? What in the 
experiences of the individuals and groups 
has helped to develop the intensity of their 
convictions? In conjunction with this, it 
is probably important to gain some under- 
standing of the importance or significance 
of the problems for the individuals making 
the study. It may be of great aid if we are 
able to demonstrate to those involved in the 
controversy how and why these problems 
are important to the students who are mak- 
ing the study. 

Our method of approach in the situation 
is of extreme importance. There is a great 
difference between investigating a problem 
situation and working in a problem situ- 
ation in order to convince others involved 
that we already have the best answer. In 
an investigation, we try to find answers 
rather than to convince others that the 
answers are already known and that we 
have them. The pertinent question that 
arises is whether this particular problem 
situation is one in which students should 
have some knowledge and understanding and 
whether all the aspects of the situation from 
which such an understanding can be gained 
will be open to investigation. We should 
attempt to investigate and hence prove or 
disprove that the situation is of significance 
to the students. Our investigations should 
also include a consideration of all possible 
points of view. If individuals do have 
strong convictions in a situation, it may 
prove to be a resource rather than a barrier. 
Individuals having such strong convictions 
may be especially anxious to make the bases 
for these convictions available and known 
to anyone studying the situation. It would 
seem reasonable to expect that they would 
feel certain that others would be equally 
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convinced of the correctness of their posi- 
tion if the knowledge that they have at their 
command were made available. Of course, 
there is also the possibility that people will 
try to prevent an examination of their con- 
victions. These are, undoubtedly, difficult 
situations. However, the number of situ- 
ations where individuals are not convinced 
that their opinions have a firm base which 
will stand up under investigation may be 
easily exaggerated. Very often, this may 
be the impression when a question concern- 
ing the reason or basis for belief is miscon- 
strued as an attack upon that belief. Great 
care should be taken to indicate that an 
investigation and not an attack is in process. 
We should probably not assume that we 
already know the position of an individual 
in a situation. Very often, the exact posi- 
tion of that individual may be misunder- 
stood. Clarification of the position may 
very often be a profitable step. 

In most cases, it is important to investi- 
gate the purposes and aims involved in the 
situation. Is there agreement upon any 
general aims’ If there is such an agree- 
ment, can it be used as a device for the 
evaluation of the various proposed courses 
of action in the situation’ If there is an 
understanding of the purposes involved in 
the situation, many of the actions that are 
taken will be more easily understood. 
Throughout the investigation of a problem, 
we may very well develop criticisms of the 
various positions that are maintained in the 
situation. We should try to understand 
our own purposes in uttering the criticisms. 
The general purpose that has been sug- 
gested is that of understandiug, improving 
and bettering the conditions in the situation. 
Our criticism should serve as a means 
toward this end. Criticism should, in gen- 
eral, not attack a position without suggest- 
ing other possible positions and the reasons 
for them in order that they, in turn, may 
be opened to criticism. These suggestions 
may then, in turn, lead in the direction of 
improved proposals. The integrity of the 
individuals involved should be respected. 
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We may criticize their views, but we should 
realize that there are reasons for those par- 
ticular views. Our investigations should 
attempt to uncover these reasons. 

3. What are some suggestions for obtain- 
ing useful, imaginative hypotheses? The 
situation in which we are working should 
be a free, permissive one. Imaginative sug- 
gestions are rare in situations where we 
cannot afford to make mistakes. A person 
who has suffered from the consequences of 
one rash suggestion is likely to be wary in 
suggesting another. Care must be exer- 
cised in rejecting any proposal for action. 
The boy who is exuberant with enthusiasm 
over a hasty suggestion may have a much 
more reasonable proposal at some future 
time. If he is held up to ridicule, he may 
hesitate to commit himself again. The 
rejection of a proposal should probably 
come only after an investigation in which 
the possibilities and implications of the pro- 
posals are studied. Everyone concerned, 
including the person making the proposal, 
should have an opportunity to become 
aware of the reasons for accepting or 
rejecting any proposal for action. A weak 
suggestion may often develop into more 
worthwhile hypotheses after examination 
and consideration. Valuable hypotheses 
may grow out of suggestions that were 
initially weak and inadequate. 

In such a healthy atmosphere, there are 
various devices that may be used to increase 
the possibilities of deriving useful and 
imaginative hypotheses. We have already 
discussed the desirability and fruitfulness 
of attempting to view a situation, problem 
or set of facts in a new and different man- 
ner to see new and different relationships. 
It may be desirable to make a conscious 
attempt to view a particular problem from 
various backgrounds and points of reference. 
We may profit from the example provided 
by organized research of having one group 


[ VoL. 37, No. 3 


try to get as much knowledge about a situ- 
ation as possible while another tries to get 
a fresh start and fresh approach without the 
conditioning provided by previous failures. 
New suggestions may be obtained when 
two groups who are attacking the same 
problem but with different methods meet, 
discuss and fuse their suggestions and ex- 
periences. There are other ways of ap- 
proaching a problem from different avenues 
of approach. In some situations, groups 
from a class may identify themselves with 
the various conflicting points of view that 
may be perceived in the situation and make 
an attempt to see the problem from these 
various viewing points. Another way, is 
to attempt to view the situation as it would 
appear if viewed from another time period. 
“Tf, in fifty years, we were to write the 
history of this problem, what would we 
write?” Many other new approaches may 
be suggested. The important thing is to 
try to see the elements in a situation in a 
new relationship. 

New relationships are difficult to per- 
ceive, and a group may eventually reach a 
point at which they are stymied. In such 
situations, it may well prove fruitful to have 
a period of rest from the intensive exam- 
ination of the problem. After a period of 
time, they will necessarily view the problem 
from a different point of vantage, and, 
hence, new relationships may appear. The 
mysterious period of “incubation” that has 
been suggested by Helmholtz and Poincare 
does have this reasonable rationalization. 
During the period of rest some of the 
extraneous material that was, perhaps, 
blocking their view of the situation may be 
With the elimination of these 
elements, the discovery of a new key ele- 
ment, or the new view from a different 


forgotten. 


vantage point as the result of a passage of 
time, new and fruitful suggestions are more 
likely to appear. 
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GENERAL CHEMISTRY TEXTBOOK PRICES, 1925-1951 


Witt S. DeELoacH 


Del Mar College, 


EACHERS, as well as students, are inter- 
: pw in textbook prices and are aware 
that the present-day prices are the highest 
yet. However, a clear picture of prices is 
not obtained unless variations in the buy- 
ing power of the dollar are taken into 
consideration. 
The publication prices of a number of 
. general chemistry textbooks, published be- 
1925 and 
the arithmetic mean for each year deter- 
mined. 


tween 1951, were obtained and 
These mean prices were adjusted, 
to allow for fluctuations in the purchasing 
power of the dollar, by dividing each by 


Mean 
No. of publication 
Year samples price 
1925 a $3.38 
1926 6 3.51 
1927 + 3.54 
1928 + 3.12 
1929 K 3.80 
1930 6 3.64 
1931 6 3.46 
1932 6 3.2] 
1933 3 3.30 
1934 0 re 
1935 6 3.36 
1936 3 3.63 
1937 8 3.44 
1938 5 3.45 
1939 + 3.69 
1940 6 3.63 
1941 5 3.75 
1942 6 3.55 
1943 2 4.00 
1944 3 3.75 
1945 2 3.75 
1946 5 4.05 
1947 6 4.25 
1948 2 4.63 
1949 5 4.55 
1950 8 4.63. 
1951 10 4.88 
the retail price index for the year. The 
price indexes (1935-39=100) for the 
years 1925-1950 inclusive were obtained 


from “Statistical Abstract of the United 


States.” 1 The price index for 1951 was 


1U. S. Bureau of the Census, Statistical Ab- 
stract of the United States: 1951. (Seventy-second 
Washington, D.C., 1951, p. 282. 


edition. ) 
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Corpus Christi, Texas 


obtained from “Monthly Labor Review.” ? 
These adjusted prices can be compared 
from one year to another, and show how 
the “real cost” of textbooks has varied. 

The table gives the number of samples 
used each year, the mean publication prices, 
the spread in price between the lowest and 
highest each year, the retail price index, and 
the price after adjustment for variation in 
the price level. 

Since the number of samples for most of 
the years is small, and since there is fre- 


quently a difference in price between com- 


Price Price index Adjusted 
spread (1935-39=100) price 
$0.75 125 $2.70 
1.00 126 2.79 
0.35 124 2.85 
0.54 123 2.54 
0.15 123 3.09 
0.50 119 3.06 
0.50 109 3.17 
0.50 98 3.28 
0.50 9? 3.59 
© 2iee 96 A 
0.75 98 3.43 
0.40 99 3.67 
1.25 103 3.34 
0.50 101 3.42 
0.50 99 3.73 
0.25 100 3.63 
0.50 105 3.57 
1.50 117 3.03 
0.50 124 3.23 
0.00 126 2.98 
0.50 128 2.93 
1.25 139 2.91 
0.50 159 2.67 
0.25 171 2.71 
1.00 169 2.69 
1.25 171 2.71 
1 25 186 2 62 


parable “introductory” and “full’ textbooks, 
too much significance probably should not 
be attached to variations from one year to 
the next. However, the changes over a 
number of years are quite clear. From 

2U. S. Department of Labor, Monthly Labor 
Review: April, 1952. Vol. 74, No. 4. Washing- 
ton, D.C., April, 1952, p. 479. 
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below $3.00 in the twenties, the adjusted 
price rose to well over $3.00 in the thirties, 
then declined in the late forties to below 
$3.00 again, and has remained remarkably 
steady for the last five years at about $2.70. 


a 
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These figures show that while publication 
prices of general chemistry textbooks are 
at an all-time high, the “real cost” is the 
lowest, except for one year, that it has been 
in the last 27 years. 


EVOLUTION AND THERMODYNAMICS 


RicHarp L. BuRLING 


University of Hawaii, Honolulu, Hawaii 


roM the frequency with which the im- 
F possibility of the chance origin of life 
is defended by reference to Lecomte du 
Noity’s bestseller [1], one may suspect that 
a statement made in this book is already 
an example of the classic effect, long 
familiar to readers and writers of textbooks, 
the 


‘perpetuation of error.”” Although there 
are many published reviews of du Noity’s 
books, even the scientific reviewers [2-7] 
have failed to point out this rather signifi- 
cant error. 

Du Noiiy states that biological evolution 
violates the second law of thermodynamics. 
Blum’s recent book [8] on evolution and 
thermodynamics maintains the contradic- 
tory. Neither author proves either thesis, 
but it may be worth while to examine the 
evidence in favor of the more spectacular 
of them. Although du Noiiy states in at 
least six places [9] that evolution violates 
the second law, he adduces only one com- 
putation as quantitative evidence. This is 
taken from Guye [10], and purports to give 
the statistical probability of the “chance” 
formation of a single highly unsymmetrical 
molecule, such as a small protein molecule 
presumed to be required for living matter. 
This computation is spurious since it 
ignores relevant chemical knowledge and is 
based on the obviously simple assumption 
that atoms exert on each other forces analo- 
gous to those exerted by billiard balls. By 
ignoring any knowledge about the chemical 
forces acting between atoms, as Guye did, 
and making random arrangements of bil- 
liard-ball models of sodium and chlorine 


atoms, one can easily show in the same way 
that the exact alternation of Na and C| 
atoms required for the formation of even 
a submicroscopic crystal of common salt is 
a statistically “impossible” miracle, com- 
pletely unintelligible in a universe subject 
to the second law of thermodynamics. 

Whatever a scientist may mean when, 
attempting to distinguish himself from the 
teleologists, he uses the word “chance” in 
connection with the origin of life or of 
mutations; one can feel reasonably sure 
that he does not mean that the complex laws 
of organic photochemistry were miracu- 
lously abrogated and that the problem sud- 
denly became as easy as computing the odds 
in a simple game of chance. 
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SOME PROBLEMS RELATED TO THE TEACHING OF 
PSYCHOLOGY * 


GEORGE GREISEN MALLINSON 
Western Michigan College of Education, Kalamazoo, Michigan 


T is common knowledge that in the last 

fifty years the field of psychology has 
moved from the area of philosophical ver- 
balism to the experimental study of the laws 
of human behavior. In accord with this 
change in viewpoint, courses in psychology 
have, in many colleges and universities, 
been placed under the administration of the 
science divisions. Further, many psycholo- 
gists agree, although others pay only lip 
service, that the study of psychology must 
follow both the methods of natural science 
as well as adopting its major objectives. 
These objectives have been stated in the 
Forty-Sixth Yearbook of the NSSE? as 
follows: 

1. The development of functional understandings 
of the important principles of science. 

2. The inculcation of scientific attitudes. 

3. The development of skills in the scientific, 
or problem-solving, method. 

However, as with certain scientists, cer- 
tain psychologists have assumed that these 
objectives are natural by-products or con- 
comitants of the teaching of a body of 
“essential subject-matter.” It is platitudi- 
nous to state that there is little or no evi- 
dence to support such an assumption. 

Hence, as with the teaching of natural 
science, the teaching of psychology for 
maximal effectiveness depends on (1) the 
selection of these important principles, atti- 
tudes and skills, and (2) the organization 
of classroom experiences so as to assure 
that these objectives are attained. 

It is not the purpose of this study to 
identify specifically the principles of psy- 

* Reported to the Psychology Section of the 
55th annual meeting of the Michigan Academy of 
Science, Arts and Letters, on March 23, 1951, at 
Michigan State College, East Lansing, Michigan. 

1 Science Education in American Schools, 
Forty-Sixth Yearbook of the National Society 
for the Study of Education, Part I. Distributed 
by the University of Press, 1947. 


Pp. 28-31. 
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chology that are of maximal importance for 
the education of college students. Rather 
it is to indicate certain criteria for their 
identification and selection. For many 
years, it was policy in most colleges, and 
still is in some, to require that all students 
take an introductory course in biology, 
chemistry, earth science, or physics in order 
to satisfy “science requirements.” How- 
ever, since the vast majority of students 
never studied any more science, the special- 
ized courses designed as prerequisites for 
later ones, were in many cases of little value. 


This of course raises the question, “Does 


the same situation exist in the field of 
psychology?” In order to answer this 
question the writer kept records for five 
semesters of the reasons for which stu- 


dents enrolled in “General Psychology” at 


Western Michigan College of Education. 
The following reasons were given by 736 
students : 
1. Students not intending to take addi- 
tional courses in psychology. 
a. As an elective, or to meet gen- 


Number of 
Students 


eral education requirements in 


science 225 


~ 


. A course required as part of a 
curriculum (i.e., industrial su- 
pervision, vocational industrial, 
librarianship, special education ) 88 

2. Students intending to take addi- 

tional courses in psychology. 
a. Additional courses in psychol- 
ogy to be purely elective in basis 108 
b. Additional courses to fill out a 
major or minor for the follow- 
ing curricula and vocations: 


- 


1. “Professional psychology” .. 16 
(See 1 below) 
2. Elementary-school teaching.. 67 
3. Business administration ... 36 
4. Social work ......+:. lag 32 
5. Industrial arts ....... 32 
6. Air transportation 28 
7. Occupational therapy ..... 36 


8. “Probably useful in later em 


CE inti nse nake “a 40 
9. Miscellaneous ...... a 28 
LS TR as 1 agony Ts 736 








186 ScIENCE EDUCATION 


The evidence, although limited. to that 
from classes at Western Michigan College 
of Education, seems to point to a number 
of interesting inferences : 

1. Apparently, only about 2% of the students 
enrolling in General Psychology at Western 
Michigan College of Education intend to enter 
psychology as a profession (i.e., industrial psy- 
chologist, clinical psychologist, psychometrician, 
teacher of psychology). 

2. For about 43%, General Psychology is a 
terminal course in psychology. 

3. About 14% intend to take additional courses 
in psychology, but for the “general” value. 


Hence, it would seem somewhat dubious 
to teach general psychology, at least at 
Western Michigan College of Education, 
around a succession of facts or experiences 
that are designed specifically to orient the 
students toward future courses in psychol- 
ogy, or toward careers in psychology. It 
would be somewhat undesirable also to 
develop major or minor sequences that 
are suitable in main for professional 
psychologists. 

It would seem that the development of 
sequences might well attend the needs of 
future elementary-school teachers, and the 
needs of persons for whom psychology will 
perform a valuable service in their future 
occupations. 

A number of authors of textbooks for 
introductory courses in psychology have 
attempted to provide experiences more suit- 
able for the students not planning to enter 
psychology as a career. But, a survey of 
these textbooks would seem to indicate that 
the adjustment was made by eliminating a 
number of topics that are considered gen- 
erally as being “essential topics for courses 
in general psychology.” Usually such 
topics have dealt with facts and principles 
of the biology of the human body. Yet one 
fundamental precept in the field of psychol- 
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ogy is that the study of human behavior 
cannot be separated from the structure that 
behaves. Hence an investigation? was 
undertaken to determine whether such a 
step seemed wise. 

About one thousand students in General 
Psychology were administered the Minne- 
sota State Board Examination in Biology 
(1947), the Ohio State Psychological 
Examination (OSPE), and a test in psy- 
chology at the end of the course. All the 
techniques employed will not be described 
here. Partial coefficients of correlation 
were then computed between their knowl- 
edges in biology and achievement in psy- 
chology, holding mental ability, as meas- 
ured by the OSPE, constant. The results 
indicated beyond all reasonable doubt that 
a knowledge of biology does influence 
achievement in general psychology. 

Hence it would seem reasonable to 
state that the following conclusions are 
defensible : 

1. That courses in general psychology, at least 
for non-professional students, be developed in the 
manner approved for developing courses in the 
natural sciences. This may be done by surveying 
the purposes and needs of students that enroll in 
such courses. 

2. That a determination be made of principles, 
attitudes and skills that will assist in meeting 
these purposes and needs. 

3. That a determination be made of the facts, 
experiments, demonstrations and other experi- 
ences that will contribute directly to the attain- 
ment of the objectives already stated. It must be 
stated that such facts, experiments, demonstrations 
and other experiences should not be restricted 
narrowly to those of “psychology.” They may be 
found in areas such as education, industry, sociol- 
ogy, biology, chemistry and economics. 

4. That the arbitrary removal of topics of 
biology or any other field be stopped. There is 
no evidence that such an action makes the course 
in general psychology more suitable for any group 

2 George Greisen Mallinson and Conway Sams, 
The Influence of a Knowledge of Biological and 
Physical Science on Learning in General Psy- 
chology. (Unpublished study.) 
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A STUDY OF STUDENT OPINION CONCERNING SURVEY 


COURSES IN NATURAL SCIENCE ' 


E. E. 


3LACK AND H. F. GLippeEN * 


Colorado State College of Education, Greeley, Colorado 


HIS paper is submitted to provide those 
p be may be interested in the area of 
General Education with a bit more data on 
the content of General Science, or Science 
Survey Courses in College. True, the evi- 
dence is not conclusive, but many straws 
make a stack. More detailed information 
on the courses referred to in this study as 
given at Colorado State College of Educa- 
tion can be obtained by referring to the 
book, Science in General Education, by 
McGrath and published by Wm. C. 
& Co., 1948. 


more or less continuous revision in minor 


srown 
The courses are undergoing 


and often major ways in regard to order, 
content, and method. 


PURPOSE OF THE STUDY 

The purpose of this study was to com- 
pare the responses of first year college stu- 
not taken the 
science courses with the data obtained by 
Earnest E. Snyder in his study, General 


dents who have freshman 


Science Courses in College.* The purpose 

1 It is hoped this paper may serve as a supple- 
ment to several major studies previously pre- 
sented. Science Education, February 1948, pre- 
sented the study, “Investigation of Student Opin- 
ion Concerning Survey Courses in Science,” by 
W. W. E. Blanchett, Fort Valley State College, 
Fort Valley, Georgia. The same author pre- 
sented in Science Education, March 1948, his find- 
ings in the article, “Subject-Matter Topics Con- 
tained in Textbooks for Use in Survey Courses 
in the Natural Sciences”. This dealt with the 
comparison of the textbook content and content 
designated as desirable by students. 

2 E. E. Black, Graduate Student, Colorado State 
College of Education, H. F. Glidden, Associate 
Professor of Science, Colorado State College of 
Education. 

8 The study here presented was made to meet 
the requirements of a major paper in a graduate 
course. As in Snyder’s study the opinions were 
made on topics which were units or areas, rather 
than on individual principles and concepts. It is 


a continuation of a study by E. E. Snyder, Generai 
Science Courses in College; an unpublished master 
of arts thesis at Colorado State College of Educa- 
tion, Greeley, Colorado, 1947. 
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of Snyder’s study was to compare the opin- 
ions of students who were in school at the 
(1946) 


just completed the courses with opinions 


time of his work and who had 
of graduated students who had had the 
same courses. Their opinions were sought 
(1) concerning their needs and interests 
relative to the courses, and (2) concerning 
the choice of subject matter included in the 
two courses, offered under the description 
Introduction to Physical Science and Intro- 
duction to Biological Science at Colorado 
State College of Education. Their opin- 
ions were asked on topics which were unit 
areas rather than individual principles and 
concepts. 


SIGNIFICANCE OF THE PROBLEM 

One of the pertinent problems in science 
education is the selection of content for the 
courses” or education 


“survey “oeneral 


courses” in science. Many schools now re- 
quire such courses of all students as part 
of their general education program. ‘Thus, 
these courses play an important role in edu- 
cation and, therefore, selection of subject 
matter to be used in them requires careful 
consideration. 

Snyder, in his thesis, made a worthwhile 
study ; its value increases as it is extended 
The 


present study is a timely and useful exten- 


from time to time by further data. 


sion of his findings. In this study, the opin- 
ions of students who have had no previous 
college work were tabulated. The data were 
handled in the same way as that obtained 
by Snyder for his two groups, so that the 
results would be comparable. 

This study may be indicative of the prob- 
able points of view of students entering col- 
lege in the near future or even during this 
leveling off period following the heavy 

The 


students entering college now have, for the 


influx of older students and veterans. 
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most part, not had their education inter- 
rupted by military or industrial service. 
That is, they will not have experienced a 
major lapse of time since leaving high 
school. 

Students entering college in the future 
will certainly not be comparable in every 
respect to those of the twenties or thirties, 
although it may be expected that they will 
show some similarities in such things as 
maturity, academic level, etc. Recent years 
yielded a more worldly and more mature 
beginning college student. The war years 
will probably influence the students of the 
future with regard to their felt needs and 
interests; however, a definite and direct 
personal effect of active participation in the 
war will not be generally evident. It might 
be said that the current group and the 
groups in the immediate future are and will 
be nearly typical of normally educated per- 
sons who have gone through elementary 
and secondary schools and who have 
entered college without interruption. Thus, 
this study may be of value in modifying 
course content for the immediate future; 
for with this type of student, colleges 
should make curriculum and course content 
changes to fit more fully the present needs 
both of society and of the present college 
students. 


LIMITATIONS OF THE STUDY 


The questionnaires used in this study 
were restricted in that all respondents were 
incoming freshman students who had taken 
neither of the general courses in the biologi- 
cal and physical sciences. All science 
majors were eliminated. The students who 
completed the questionnaires for the study 
were incoming first year students who were 
enrolled in the course, Jntroduction to 
Physical Science. This was their first 
activity in this course. 

The students cooperating in this study 
are one of the first truly post-war groups. 
Their responses were not influenced by 
direct participation in World War II. Pre- 
vious groups in a large percentage of cases 
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have been conditioned by service experi- 
ences in the case of veterans and work ex- 
periences in the case of non-veterans. 


METHOD OF OBTAINING DATA 

The criteria used as the basis for the 
selection of students to be included in the 
study was as follows: 

a. The student must be a newly enrolled fresh- 
man at Colorado State College of Education. 

b. The student’s major field may be neither 
biological nor physical science. 

No additional factors were used in selec- 
tion of students. Students who did not 
meet the above criteria were excluded for 
three reasons: 


1. This study is designed to compare the re- 
sponses of students entering the course with the 
opinions of students who had recently completed 
the course and with the opinions of graduates. 

2. If the student planned to major in science, 
he might be influenced by his own particular 
interest. 

3. Snyder’s work excluded science majors. 


QUESTION NAIRES 


The questionnaire as prepared by Snyder 
was used. In the directions for completing 
the questionnaires, the students were re- 
quested to base their responses on what 
they considered to be their needs and 
interests. 

The topics to be rated by the students 
were based upon the unit headings in the 
textbooks, Man and His Biological World 
and Man and His Physical Universe. 
Snyder based his topics on these two texts 
because these books are used as the basic 
texts of the courses concerned. A rela- 
tively short list of topics was used because 
it was believed this would receive more 
favorable consideration by respondents and 
would insure more discrimination in rating 
topics. 

See the questionnaire found at end of this 
article for the topics in each of the courses. 

At the beginning of the quarter in which 
this study was made, the questionnaires 
were distributed, filled out, and collected as 
a part of the first day’s activity in several 
sections of the physical science course. 
One hundred fifteen questionnaires were 
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usable after eliminating those which did not 
fit the criteria for selection. 


TREATMENT OF THE DATA 
The responses were tabulated according 
to the following rating scale: 
3—Topic is of primary importance, and 
should be included in the course. 
2—Topic is important and should be in- 
cluded if time permits. 
1—Topic is not important and should 
not be included in the course.‘ 
This 


that which appears in the questionnaire. 


arrangement is the opposite of 
Snyder, in making the questionnaire, felt 
that it was advisable to use the 1-2-3 sys- 
tem for ranking the topics since most per- 
sons associate the numeral 1 with the most 
important item. Thus the numerals 2 and 
3 should follow as the second and third 
It was believed that 
this system would give a more reliable and 
significant range of ratings. 

However, in tabulating the data, when- 
ever a topic 


order of importance. 


was rated 1 on the question- 
If the topic 
was rated 2 by the respondent it was re- 


naire, it was recorded as a 3. 
corded as 2, since in reversing the order, 
If the 
topic received a rating of 3 on the question- 
naire, it was tabulated 1. Therefore in the 
subsequent discussion as the mean rating 
of a topic approaches 3, 


the two’s would remain constant. 


its importance 
increases and as it approaches 1, its degree 
of importance decreases. It was necessary 
to use this method of recording the re- 
sponses in order to employ the statistical 


methods desired. 


COMPUTATIONS OF THE MEANS 
The means of the ratings for each topic 
for all of the respondents were computed 
by using the formula: 
M==X where: 
N 
M=the mean 
=X=the sum of the ratings 
N=the number of cases 


4 Snyder, E. E., Op. Cit. 
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In tabulating the data from the question- 
naires, the respondents were segregated 
according to sex and military service. After 
all the tabulations were made, the ratings 
received by each topic within the sex and 
military service classifications were totaled 
and means computed. 

The 


classifications of 


mean of the 


chronological ages 
respondents were com- 
puted in the same manner. These statistics 
provide a numerical comparison of the age 
differences between the groups. 


DISCUSSION OF TABLES 


The figures in columns 1, 2 and 3 of the 
following tables are from Snyder’s work. 
Column 4 in each case shows the figures for 
the newly enrolled students who are the 
subjects in this study. 

Table I shows that the student population 
continues to be more or less evenly divided 
between sexes, and that there is a sharp 
decrease in the number of veterans of fresh- 
man standing. 

In the matter of mean chronological ages, 
significant differences noted. See 
Table I. 
existed between the respondents in 1949 
1946. The the 


graduates and the newly enrolled students 


were 
An age decrease of 2.15 years 
between 


and difference 


was 12.13 years. An increase in age of the 


veteran student in 1946 te 1949 was noted. 


TABLE |! 

Tue NUMBER OF STUDENTS, GRADUATES, AND New 
STUDENT RESPONDENTS CLASSIFIED ACCORD- 
ING TO SEX AND MILITARY SERVICE * 

Classification Number 
New 
Students Graduates Students 

1946 1949 

l 2 3 4 

1. Women Y] 105 54 
2. Men 77 63 61 
a. veterans 45 38 18 
b. non-veterans 32 25 43 

3. Allrespondents 168 168 115 


* Military service refers to World War II only. 


Columns 1, 2 and 3 are taken from Snyder's 


study. 
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TABLE II 
THE MEANS OF THE CHRONOLOGICAL AGES OF 
STUDENT, GRADUATE, AND NEw STuDENT 
RESPONDENTS, CLASSIFIED ACCORDING 
To SEX AND MILITARY SERVICE 


Classification Mean of Ages 


1949 
1946 New 
Students Graduates Students 
] 2 3 4 
1. Women 18.96 29.89 18.02 
2. Men 21.48 30.68 20.26 
a. veterans 24.02 29.37 26.48 
b. non-veterans 19.03 32.00 18.35 
3. All respondents 20.45 30.43 18.30 


The tables showing the means of the re- 
sponses of each topic as rated by the groups 
are ‘not included in this report. 
only the tables showing total results are 


Rather, 


given. 
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For this their 


would be conditioned by their feeling about 


course. reason responses 
the course as taught as well as by their 
needs and interests. The newly enrolled 
(1949) students rated none of the topics 
as low as the 1946 students. 

It will be noted in Table IV, that the 
newly enrolled students do not show as 
wide a variation as the other respondents. 
It is believed that this does not, however, 
indicate lack of their 
They had neither the courses, nor 


discrimination on 
part. 
have they experienced the need for the 
information in the courses. The topics on 
the Questionnaires are too brief to enable 
the newly enrolled students to come to 
more definite conclusions with regard to 
what they feel should be included in the 


course. All groups rated items 11, 12, 13, 


TABLE III 


Tue MEANS or Eacu Topic AS RATED BY 


Topics 
1 
. The nature and control of disease 
. Man’s use of matter and energy 
. The nature of matter and energy 
t Human, reproduction 
. Heredity 
Food and Nutrition 
. Geology, The Study of the Structure 
of the Earth 
8. The basic principles of physics 
9. Astronomy 
10. The basic principles of chemistry 
11. Man’s cultural development 
12. Problems caused by man’s disturbance 
of the balance of nature 
13. Changes in living things brought about 
by changing environments 
4. Weather and climate 
15. Adjustment by living groups 
16. How different organisms live together 
on the earth 


NO Uni & WwW DQ 


The mean of the mean ratings for the 
newly enrolled students (1949) was 2.21, 
for the students of 1946 it was 2.19, and for 
? 29 


graduates, 2.2 Those who have grad- 
uated rate the courses highest in general, 
while the new 1949 freshmen rated them 
next and the 1946 freshmen the lowest. 


The students in 1946 had completed the 


ALL 


STUDENTS, GRADUATES, AND NEW StupbENTS 
1946 1949 
Students Graduates New Students 

2 3 4 
2.45 2.53 2.61 
2.62 2.58 2.47 
2.de 2.45 2.46 
2.93 2.65 2.42 
2.75 2.58 2.32 
1.91 2.32 2.23 
1.73 2.97 re S| 
2.42 2.29 2.20 
1.74 2.01 2.16 
2.38 2.26 2.15 
1.92 1.97 2.18 
1.93 2.12 2.08 
2.05 2.21 2.07 
1.84 2.34 2.06 
1.98 2.31 2.02 
1.72 1.92 1.85 


15 and 16 relatively very low. This may 
show that people do not feel the need for 
work on those problems involving social 
relationships. It could be that respondents 
consider these topics a part of social studies. 
Perhaps these ratings indicate a need for 
more emphasis on the social significance of 
science, 
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TABLE IV 
THE RANK or Topics BASED ON THE MEANS OF Eacu Topic As RAtep By ALL THE STUDENTS, 
GRADUATES, AND New STUDENTS 
1946 1949 
Topics Students Graduates New Students 
1 2 3 4 
1. The nature and control of disease 5 4 l 
2. Man’s use of matter and energy 4 2.5 2 
3. The nature of matter and energy 3 5 3 
4. Human reproduction l l 4 
5. Heredity 2 2.5 5 
6. Food and Nutrition 12 7 6 
7. Geology, The Study of the Structure 
of the Earth 15 12 7 
8. The basic principles of physics 6 ) x 
9. Astronomy 14 14 v) 
10. The basic principles of chemistry 7 10 10 
11. Man’s cultural development 1] 15 ll 
12. Problems caused by man’s disturbance 
of the balance of nature 10 13 12 
13. Changes in living things brought about 
by changing environments 8 1] 13 
14. Weather and climate 13 6 
15. Adjustment by living things 9 8 15 
16. How different organisms live together 
on the earth 16 16 16 


To check the degree to which respond- 
ents agree in ranking the topics in descend- 
ing order of importance, the rank-difference 
correlation coefficient was calculated using 


the formula: 
p(rho) =1— —-0=D* 
N(N?—1) 


where: 


e(rho) =the rank-difference correlation coefficient 


=D2 =the sum of the squares of the differences 
between the ranks 
N =the number of pairs of ranks 


According to Snyder, the rank-difference 
correlation for graduates and 1946 students 
was .79. The rank-difference correlation 
coefficient for students (1946) and newly 
enrolled (1949) students was .64 and for 
graduates and newly enrolled students .70. 
Judged in relation to the scale: 1=a posi- 
tive correlation and —1—a negative or lack 
of correlation, the coefficients indicate a 
relatively high positive correlation in the 
way the respondents ranked the topics. 

Due to the for the 
courses, only six of the topics listed in the 


limited time two 


study are actually taught. There was 
reasonably close agreement among all re- 


spondents as to what should be included in 


the courses. There is agreement among 


the respondents in what they indicate 


should be taught and the content of the 
courses as they have been taught in the past 
few years. 

ranked 


the highest 


topics as determined by the 1946 students, 


Considering seven 


the courses now given actually include 
seven topics of which six are those chosen 
by the students, while the seventh topic now 
in use ranked tenth. These students had 
completed the courses so they were no 
doubt influenced to some extent by their 
class experience. 

The 


pressed their opinion relative to their needs 


graduates, who presumably ex- 


and interests and relative to their post- 
college experience, selected in their first 
seven topics only four of those used at the 
present time. Two other topics actually in 
use now the graduates ranked ninth and 
tenth, while the other topic in present use 
ranked fifteenth. . 

Newly enrolled (1949) students selected 
four of seven topics now taught, while the 
other areas taught during that quarter were 


ranked eighth, tenth, and eleventh. 
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When the means of the ranks of each 
topic as rated by all of the students, grad- 
uates, and new students were combined, all 
seven topics as presently taught are in- 
cluded in the first eleven topics as selected 
by the respondents. 

It would perhaps have been desirable if 
the unit area (topic) title in the original 
study had been, in some cases, a little more 
revealing as to their actual subject matter 
content, although too much_ detail results 
oftentimes in complicating the study and 
obscuring its findings. One might feel that 
if the opinions of the respondents are of 
value, there should have been two lists used 
in the ratings. One rating made upon a 
list of topics which students who had had 
the courses actually studied, and a second 
on topics which might logically be or are 
often included in science survey courses in 
colleges, but not including those topics they 
had actually studied. 

It seems feasible to say on the basis of the 
study actually carried out that all three 
groups of respondents are in general most 
interested in two areas; first, that area con- 
cerning information about themselves and 
their personal welfare—topics such as the 
nature and control of disease, human repro- 
duction, and heredity. The other area of 
particular interest deals with those things 
of current importance in everyday life. 
Such an area includes the nature and con- 
trol of matter and energy and the basic 
principles of physics, new gadgets, new war 
weapons, new advancements in medicine 
and a multitude of other things related to 
chemical and radiant energy and their rela- 
tion to life in today’s unsettled world. 
Noticeably of less interest, as indicated in 
this study, are the areas covered generally 
in the earth sciences, such as_ geology, 
astronomy, climate, and ecology. 

Although not conclusive, the selection of 
the topics by the three groups of respond- 
ents in this study may have some meaning 
in guiding those who are concerned with 
the selection of subject matter for general 
science survey courses in colleges. 
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QUESTIONNAIRE 


Class: Fresh...... a | err 
Were you a member of the armed forces during 
World War II?..... Age..... ae 

0 Se Ree re a Are 


In rating the topics listed below please consider 
the following: 

a. Due to the limited amount of time that may 

be devoted to these courses only half of the 
topics listed under each course are taught 
during a school quarter. 
. Your interests and needs should serve as 
guides in rating the topics. If you are es- 
pecially interested in or feel that you have 
need of the material that would be included 
in teaching a certain topic, you probably 
should rate that topic as of primary impor- 
tance. 


rs 


Rate each topic on the basis of: 
1—Topic is of primary importance and should 
be included in the course. 
2—Topic is important and should be included 
if time permits. 
3—Topic is not important and should not be 
included in the course. 
Example: 
1 2 3 Bacteriology 
This topic was judged as relatively unimportant 
and not to be included in the course. The 
numeral 3 was encircled to indicate the decision. 


Introduction to Biological Science (Science 3b) 

123 FOOD AND NUTRITION 

23 HUMAN REPRODUCTION 

23 ADJUSTMENT BY LIVING THINGS 
TO THEIR ENVIRONMENTS 

23 THE NATURE AND CONTROL OF 
DISEASE 

23 HOW DIFFERENT ORGANISMS 
LIVE TOGETHER ON THE EARTH 

2 3 PROBLEMS CAUSED BY MAN’S DIS- 
TURBANCE OF THE BALANCE OF 
NATURE 

23 CHANGES IN LIVING THINGS 
BROUGHT ABOUT BY CHANGING 
ENVIRONMENTS 

2 3 HEREDITY 

2 3 MAN’S CULTURAL DEVELOPMENT 


Introduction to Physical Science (Science 3a) 


— 


_ 


_ 


_ 


—_ 


—_— 


1 2 3 ASTRONOMY 

123 THE NATURE OF MATTER AND 
ENERGY 

1 2 3 THE BASIC PRINCIPLES OF PHYS- 
ICS 

1 2 3 THE BASIC PRINCIPLES OF CHEM- 
ISTRY 

1 23 MAN’S USE OF MATTER AND EN- 
ERGY 

1 23 WEATHER AND CLIMATE 


— 


a 
23 GEOLOGY, THE STUDY OF THE 


STRUCTURE OF THE EARTH 
Please use the reverse side of this sheet for any 
suggestions or criticisms you may wish to make 
about these topics and courses. 
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— are graded on their character- 


are. 


istics in much the same way that eggs 

Eggs receive independent grades on 
external size, shape, color, fluidity, opacity, 
internal strength of yolk, yolk color, and 
smell. All of these grades are combined to 
obtain a composite, which is not necessarily 
an average. For example, a very rotten 
egg, which is Grade A on most of the other 
characteristics, might average Grade C, but 
could not legitimately be sold as Grade C. 

Yet many professors who have taught 
courses consisting of both lecture and lab- 
oratory, have actually averaged the grades 
of the two components, and then wondered 
why two students of markedly different 
ability have equal average grades. 

This paper will present a few of the 
fundamentals of combining grades to ob- 
tain a composite score. This action occurs 
in weighting the questions within an exam- 
ination, in combining examination, daily 
work, and laboratory grades for a course 
grade, and in averaging course grades for 
the dean’s list or for an all-university 
standing. 


VERY LARGE CLASS 


In a large, unselected class the abilities 
of the students will approximate a normal 
distribution curve. The grades on a prop- 
erly designed examination which measures 
only one component will also approximate 
a normal distribution curve. However, a 
perfect measure of each student’s ability 
will not have been obtained, because of indi- 
vidual random fluctuations. For example, 
two students of equal ability might have 
studied the different techniques P and Q 
respectively. Because of time limitations, 
the exam measured only ability in technique 
O and the second student received a higher 
grade. A random fluctuation is also intro- 
duced by the finite size of the grading unit 
used within A 


the examination. second 
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knowledge sample is therefore often taken 
by a second examination, which is also sub- 
lf 


weighted 


ject to individual random fluctuation. 
the two examinations are to be 
be 


equally, they should not necessarily 


averaged. 
Combining Scores 
In Figure 1 is shown the distributions for 
two examinations with the particular grades 
made by three students Carlson, Crew, and 
Arthur. Carlson and Crew were known to 
be approximately average students, and 
Arthur was significantly superior to them. 
A visual inspection of these grades sub- 
this Arthur 
ranked second and first in the two exams, 
ranked first third, 
Carlson ranked third and second. 


stantiated knowledge, for 


while Crew and and 
Yet an 
average of the grades, as shown in the third 


Table I, 


was the best, Arthur was next, 


column in 
that Crew 


and Carlson was the poorest. 


incorrectly insinuated 


TABLE |! 
Raw Standard 
Measurements Scores 
El E2 Av. Fl E2 Av 
Carlson @ 32. 4% 42 60 5i1 
Crew 65 47 56 62 35 48.5 
Arthur 50 58 54 50 99 70 


The average ranked the students in the 


same order as Examination El. The infor- 


mation from Examination E2 was thrown 
away by our mathematics. 
When laboratory grades which 


from C+ to A— 


and averaged with lecture gr 


range 
are weighted one-third 


« 


ides ranging 
from F to A, the ranking of the students is 
relatively unchanged, and the major effect 
is to compress the grades and raise the class 


average. This effect is of doubtful useful- 


ness in grading, since essentially no infor- 


mation concerning laboratory ability is 


contained in the composite grade. In gen- 


eral, an average automatically weights 
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examinations in proportion to the span of 
the grades, or to the standard deviations 
of the individual distributions. To carry 
into the composite score equal information 
from the two tests, it is necessary to reduce 
their distributions to the same standard 
deviation or root-mean-square deviation 
from the median. 


Standard Scores 

The curve inflection points for Examina- 
tion El raw scores were at 37.5 and 62.5 
or +12.5 units on each side of the median. 
This value for a normal curve is called the 
standard deviation and is denoted by o. It 
is the root-mean-square of the deviations 
of all the scores from the median. It is also 
the radius of gyration of the area under the 
curve about its center axis. 
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A standard score assigns 10 units to one 
standard deviation. Since only 0.13 per- 
cent of the students have grades which 
exceed 3 standard deviations in each direc- 
tion, for all practical purposes the curve 
extends over only 60 units of the standard 
score. For convenience, therefore, the 
median is set at 50, and 100 represents 
+5e. 

Examination El raw scores were con- 
verted to standard scores by multiplying 
each student’s deviation from the median 
by the ratio of the new to the old r.m.s. 
deviation, that is, by (10/12.5). The 
horizontal scale was therefore compressed 
to match the standard curve shown in 
Figure 2. 

Examination E2 raw scores were like- 
wise converted by multiplying the devi- 
ations by (10/2). An increment along the 
horizontal scale in Figure 2 represents the 
same ability difference for each of the 
examinations. The three students’ stand- 
ard scores are shown in Figure 2, and are 
tabulated in Table 1. The average of these 
scores is significant, and is the mathemati- 
cally correct composite for assigning equal 
weights to two tests. It shows that Arthur 
was very superior, that Carlson was aver- 
age, and that Crew was the poorest. How 
different from our first average, which 
erroneously showed Chew to be the best! 


Medians 


If two examinations with the same stand- 
ard deviations but different median values 
are averaged together, then the composite 
will have a median given by the average of 
the two component medians. This has no 
influence on the relative standings of the 
students, but for convenience, it is often 
best to align all of the medians at a round 
number like 50. 

The above discussion applies to any kind 
of distribution of measurements, whether 
they fit a normal probability curve or not. 
The mathematics of averaging automati- 
cally weights the information carried from 
two measurements in proportion to the 
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root-mean-square deviations of the meas- 
ured values from the medians. The process 
of changing the scale on the measurements 
until they have the same rms deviations is 
equivalent to calibrating two meters so that 
they read in terms of the same units. 

This is not grading on a curve, nor is it 
forcing our measurement of student abilities 
to conform to some preconceived idea of the 


3’s, etc. A 


appropriate percentage of A’s, 
graphical procedure will be presented later 
which will allow the professor to determine 
what the form of the distribution of student 
abilities is, what it might be due to, how to 
determine a significant difference of ability, 
and how to use the distribution. 


4 lecuracy 


Any measurement is subject to error. 
One reason that several measurements of a 
phenomena are made is to reduce the meas- 
urement error by combining the scores. 
o, denotes the rms deviation of the distri- 
bution of a set of measurements on different 
items, and o, denotes the rms error of each 
measurement. To compute the weighted 
mean, each set of measurements should be 
ascribed a weight W inversely proportional 
to the square of the dimensionless error. 

Wi=(¢-/e); (1) 
scores, R, in each 


The measured raw 


distribution, must be expressed dimension- 


ee (&=*), 
Or 


where Ro; is the median for the first distri- 


lessly as 


(2) 


bution. The corresponding standard score 
is S;=50+10X;. 
The weighted mean score is 
Y ane XiWit+X2W2+XsWsa+ .. - 


W.i+W:+Ws+ ... 
error 


(3) 





The dimensionless (in the 


same units as X) of the weighted mean 


rms 


scores 1s 


(%.) av. (Wi+-W2+Wst+...)— = = (4) 


If all measurements have the same di- 
mensionless accuracy, and if there are n 
measurements, the average score would be 
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computed in the usual manner, and its error 
would be 


(¢e)av.=1/V nW (5) 


This shows that the accuracy increases in 
proportion to the square root of the number 
of measurements, and is the source of the 
rule of thumb that the effort expended in 
improving accuracy by making more than 
ten measurements is in excess of the effort 
required to produce the same accuracy by 
improving the precision of the measuring 
device. 


Grouping 

When a short span of scores are lumped 
together and given a new name, as for 
example, assigning the grade B to all scores 
between 75 and 80, information concerning 
ability is discarded, and consequently the 
error is increased. For some students the 
error is equal to half of a grouped grade 
unit. The distribution curve of number-of- 
students versus error is approximately flat- 
topped and not at all like a normal curve. 
The ratio of the rms grouping error to 
the half span of the grouped grade unit is 
(o¢/Sg) =1/ V3=0.58. 

This same ratio holds for the error due 
to the finite grading unit in the original 
measurement. If the incremental grading 
unit is one digit, then the random rms error 
is 0.29 digits. 

These errors are just like random noise 
The total 
noise is equal to the square root of the sum 


in a communications circuit. 
of the squares of all the component noises. 
The amount of information contained in a 
measurement is equal to the logarithm of 
the signal-to-noise ratio, or log (S;/e-.). 
The smallest significant discrete unit of 
information is a change in 5, equal to the 
error, noise level, oe. 


or though smaller 


changes can actually be detected and 


measured. 
Compression 
The necessity of using a finite instead of 


an infinite grading range produces the 
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phenomenon of compression when several 
grades are averaged together. Consider 
every student’s grade to oscillate either 
periodically or randomly about his true 
ability score. For exaggeration, let the 
amplitude be +10 standard score units. 

The students with abilities of 50 will be 
spread over the range from 40 to 60. The 
students with abilities of 70 will be spread 
over the range from 60 to 80. It can be 
seen that a single examination curve will 
be flattened and broadened by this “unre- 
liability” factor, which can be due either to 
the design of the test or to the variability 
of the student. 

If a class consists of students with abili- 
ties in the range 25 to 75, each test will 
have scores in the range 15 to 85, and 
7 separate 10-unit grades might be assigned 
to each examination. Yet the average of 
several examinations will reveal the true 
abilities, and the range of the composite 
scores will only be from 25 to 75, or only 
5 separate 10-unit grades. 

A professor who knew that the abilities 
of the students in his class ranged from A+ 
to F, carefully graded each unit of work 
using all 13 grades from A+ to F. He 
was dismayed to find that the term averages 
ranged only from A— to D. He knew that 
the range to be correct should be expanded 
to A+ to F, for he had scme students who 
he thought deserved A+, yet how could he 
explain failing a student whose average 
was D? 

His mistake was in his choice of original 
grade range for the component units of 
work. His A+ students varied between 
A— and A++4,, yet the clipping action 
of the finite grade range did not permit 
them to receive their honestly earned 
grades of A+++ on parts of their work. 

‘It would not be practical for him to take 
the final grade range from A— to D, and 
expand it symmetrically about the median, 
for the students below the median would 
receive a lower composite grade than the 
average of their individual ones, and the 
professor personally would be required to 
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justify his action to almost half of his 
students. 

The correct method is to assign primary 
grades based on a range which has been 
expanded by the expected variability or un- 
reliability factor, even if it means using 
A+++ and F—. 

This problem is more easily handled on 
a numerical rather than on a letter grade 
basis. If a particular quality in a random 
population is measured with a device sub- 
ject to random error, then the standard 
deviation of the measured distribution is 
equal to the square root of the sum of the 
squares of the actual population standard 
deviation, and the measuring device stand- 
ard deviation due to all sources of error, 
regardless of kind. 

om= Verto. (6) 
¢m=measured rms deviation 
¢,=actual rms deviation 

ge—rms error. 

This same relationship holds true for the 
spreading factor on an examination due to 
the variability of students and the unrelia- 
bility of the questions. The examination 
standard deviation is therefore greater than 
the students’ actual standard deviation by 


° Co ae a ° 
the factor ——\ 1+-(o,/o,)", where o, is 
Or 


the rms variability, and o,=10 in stand- 
ard score units. For example, if the value 
of o is known to be 6.6 units, then the 
exam standard deviation would be 12 
instead of 10 units. The individual exam- 
ination standard scores should therefore be 
based on inflection points at 38 and 62 
standard score units. 

An average senior electrical engineering 
class on motor controls with 46 students is 
typical. The examinations and home prob- 
lems, but not the laboratory, had a (om/o;) 
of 1.37 and a (o,./e,) of 0.945. 

There is an easy way to determine the 
correct value of the average (o,/o,) from 
one’s past examinations. o, is equal to 
about 1.25 times the average deviation of 
every examination score from the student’s 
final grade. o is equal to 1.25 times the 
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average deviation of every examination 

score from the mean. 
(or/G-)*=(om/oe)*—1 (7) 

The value of (o,./o,) can be expected to 


range from 4 to 1%. 


Normal Distribution Integral 

Figures 2 and 3 show two ways in which 
a normal distribution can be presented 
graphically. Figure 2 
quency” or number of students per unit 
The 


is a plot of “fre- 


abscissa, versus standard deviation. 
equation of the curve is 


N —- 
i=(Vz)e 2 (8) 
V2r 


where X is the abscissa in units of standard 
deviation, f is the number of students per 
unit X, and the total area under the curve 
is N students. 

A more useful plot is the integral of 

equation (8) which is 
Y= fe — dX 

V2mr ye ~ 

— CO 
This is called a cumulative frequency or 
probability integral curve. It reaches a 
total of N at X=-+ 0, and is equal to N/2 
when X=—0. 





(9) 


If the vertical ordinates are 
ae 100 

multiplied by <a they become per- 

centile rank, or percentage of the class with 


grades below the corresponding X. This 
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is Figure 3, which represents the integral 
of a normal curve with an area of 100. 

If the axes in Figure 3 were reversed, 
This 


tangent-shaped curve extends infinitely in 


the curve would be called an ogive. 


the vertical direction on a linear scale, but 
the horizontal axis range is limited on a 
linear scale to zero to 100. This curve may 
be straightened out by a change of variable 
on the horizontal scale extending it also to 
The resultant 
curve is shown by the solid line in Figure 4. 


infinity in both directions. 


These coordinates are very useful for plot- 
ting test scores. A straight line represents 
a perfect normal distribution. Deviations 
can be interpreted in terms of selection of 
faulty 
anomalies in grading. 


and 
Curve sheets with 
these coordinate rulings are available from 
engineering supply houses.* 

Figures 3 and 4 show how the area under 
15.87% of 
the students have grades less than X—=—1, 
68.26% between X=—1 and X=-+1, and 
another 15.87% above X=+1. Only 
0.135% of the students have grades above 
X=+3. This small number is usually 
considered negligible, so that for all prac- 
tical purposes, the maximum range of stu- 
dent abilities is a total of X=6. Many 
education textbooks suggest that this be 


students, test construction, 


the normal curve is divided. 


*K and E No. 358-23. 


TABLE II 


4.50 Range 


; 5 to 50 Students 
Letter Grade 


60 Range 
200-2000 Students 


Standard Percent of Standard Percent of 
Score Students Score Students 
A+ 71 8 78 
A 68 8. 74 ; eS 
oo 65 70 
B+ 62 66 
B 59 23 62 24 
B— 56 58 
C+ 53 54 
c 50 34.7 50 45 
—_ 47 46 
D+ 44 42 
D 4] 23 38 24 
D— 38 38 
F+ 35 30 
| 32 8.85 26 3.5 
ee 29 22 




















ApriL, 1953] 


divided into five equal letter grades, as 
shown in the second column of Table II, 
in which case only 3.5% would receive “A” 
grades. This is considerably less than the 
usual university average for course grades, 
so that the author prefers the more realistic 
scale in which class abilities are assumed 
to encompass only 4.5 units of X. In this 
case, approximately 9% of the students will 
be considered of A quality. This is also 
convenient because letter grades have inte- 
gral corresponding standard 
Table IT. 

This table shows the same correspond- 
ence between letter grades and the course 
average standard scores as the right hand 
ordinates in Figure 4 considered with refer- 
ence to the solid-line curve. 


scores, as 
shown in 


These scales 
are based on the average grade being repre- 
sented by C. 

Figure 4+ can be used to grade any 
kind of skewed, discontinuous, bimodal, or 
It is not limited to a 
normal distribution, and its great usefulness 


clipped distribution. 


is the ease with which a non-normal distri- 
bution can be interpreted. 
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The minimum significant difference of 
ability is a score difference equal to the 
rms error, | This corresponds to the com- 
munication engineer’s signal to noise ratio 
of one. If each of seven exams or measure- 
ments entering into a composite score had 
an rms error of 8.5 standard score units 
including that due to the finite grade unit 
of 1 the total 
would be 8.5/\/7=3.2 standard 
units. 


standard score, rms error 


score 


It can be seen that equal distances along 
the vertical axis in Figure 4 therefore rep- 


resent equally significant differences of 
ability. For the example just given, the 


minimum significant difference is equal to 
the difference between C and C+ or A 
and A+. 

The technique of grading consists of 
plotting a non-normal distribution of raw 
scores, and determining the rms deviation 
(not error) of the scores for each part of 
the distribution. Just as it was necessary 
in the exams for Arthur and Crew, to “cali- 
brate” the exam scores, each part of the 
distribution must be corrected to a uniform 















99.9 99 98 95 90 860 70 60 50 40 30 20 
90 oe + T T my mr Tritt 
| ] | | | | } } | ; | 
| L Ba 1 | i} | 
Te 2 See 
a eee 
80 3 ptf ft ——— 


| 
| | | 
—— —_4—}-+_-+— 






























































+70 2}/—— TT oT 
| 
‘a 
7) | 
z | | | 
@leoSes} | | | iil 
e| -& 
S| 3 Lt tt 
4 + ++ ++ 
” rf | | 
a | 
© +50 | mo oe tee ee 2 
aa ra) ioe 4 
$ & +—— + 4 —_4+ 4} _} 4} +— 
«| 9 ||| 
140 & -8 -——_+__ +_+++-+*"—_ 
= | 
Z| | | = 
" — +——+ + + t+ tt ttt + + +++, t }__ 
a | 1} | | | a |F 
L30 -2 —__+—_+—_ ems! aa aeeeesset sts + oS: + +—--— 
id | | | F a 
a= ++ —}—__}_j_} jf _ ——EeeeS. 
= Lt ttt TTT | | 
| | | 
20-3 ; mel Cott rt 
30 } 20 | to | i |} SEERBT™, | leo 30 
aa, T SEESRRELREK:E TT OHH 
“TT TT ill 
Lio -4 Liz LL i Li ee Bl lL Ld 
0.1 os | 2 5 10 20 30 40 50 60 70 80 90 «695 98 99 999 


PERCENTILE RANK on PROBABILITY INTEGRAL 


Ficure 4 








200 ScIENCE EDUCATION 


rms deviation. Then, on this uniform scale, 
equally significant increments of ability will 
be represented by equal scale lengths. The 
curves in Figure 4 are used to obtain the 
“calibration” as follows: 


Grading 


If composite grades for an entire course 
follow a normal curve of ability, repre- 
sented by the solid line in Figure 4, one 
standard deviation is represented by 10 
standard score units. For an individual 
examination, however, the unreliability fac- 
tor causes the standard deviation of the 
exam to be (o,/o.) times the standard 
deviation of abilities. For the typical case 
of (om/o0)=1.37, 13.7 standard score units 
should be used for le. This corresponds 
to the dotted curve in Figure 4, which 
encompasses scores from 20 to 80. If letter 
grades were assigned to these on the basis 
of the 4.50 scale, there would be one grade 
above A and one below F. This dotted 
curve for expanded standard scores should 
be used for the calibration line for individ- 
ual examinations. 

It is important to realize that the pro- 
fessor has two completely independent 
variables which represent his own judg- 
ment. The first is the quality notation to 
be ascribed to the median of the original 
distribution, and the second is the number 
of different grades which he wishes to use. 

The procedure for grading an individ- 
ual examination using probability integral 
paper is shown in Figure 5. 

(1) The horizontal axis is divided by the 
number of students. If there were 25 stu- 
dents, each one would represent 4% of the 
class, and marks would be made on the 
abscissa at 2%, 6%, 10%, ete. 

(2) The left hand vertical axis should 
encompass the raw scores. For example, 
in Figure 5, they range from 10 to 70. 

(3) The scores should be plotted from 
the student’s papers arranged in order of 
ability. A smooth curve should be drawn 
through the points. 

(4) The percentile rank which corre- 
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sponds to a student’s actual ability is the 
abscissa below the student’s raw score on 
the curve, and not below his plotted test 
point. 

(5) The relation between the expanded 
standard score and the abscissa is given by 
the straight line through the points (2,22) 
and (98, 78). One should read from the 
student’s raw score on the exam curve 
down to the straight line and across to the 
standard score. 

(6) If the value of (om/o.) is correctly 
chosen, the course averages of the standard 
scores for each student should plot into the 
straight line through (1, 26.73) and (99, 
73.27), which is the same as the solid line 
in Figure 4. Letter grades can be assigned 
by dividing this range into as many equal 
units as desired. For a graduate course, 
one might assign C for 26 to 42, B for 42 
to 58, and A for 58 to 74. 

In part (3) above, it was stated that a 
smooth curve should be drawn through the 
plotted grade points. If the curve is made 
tortuous enough to go through every single 
point, then this is truly grading “on a 
curve.” The final student grades are forced 
to conform to a normal distribution. Draw- 
ing the curve through every point is equiva- 
lent to saying, “The examination yields 
information concerning the order of rank 
of the students, but not concerning the 
magnitude of their abilities.” 

If instead, the smooth curve is made an 
absolutely straight line, then it imputes to 
the examination infinite accuracy, and 
assumes that all variations in slope are due 
to real skewing of the distribution of stu- 
dent abilities. It discards any thought that 
overall changes in slope are due to the con- 
struction and grading of the examination. 
If this were true, then the same class should 
have the same shape for the distribution of 
different sets of grades. Observation indi- 
cates the contrary. The major changes in 
slope and discontinuities are due almost 
entirely to the measuring instrument and 
not to the measured population. 

The smooth curve should therefore be 
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drawn to follow the general trend of the 
grades. It should go around sharp corners 
if they exist, as in Figure 5. 

If because of unforeseen factors, several 
examinations on the same subject have dif- 
ferent reliabilities, then separate values of 
(om/o,) Should be used to determine the 
standard scores for each examination, and 
when the exams are averaged, they should 
be weighted in the usual manner in propor- 
tion to their accuracy, which is proportional 
to (o, we) 

If several exams of different reliabilities 
are to be averaged, and they are arbitrarily 
going to be weighted equally. then one 


70 
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should use only a single expansion factor 
(o,,/o,) for all of them. 

Some of the equities of this method are 
apparent from Figure 5. The men marked 
X and Y are adjacent to each other in rank, 
but by using their raw scores on the test 
curve, they are rightfully separated by a 
large number of standard scores. The two 
different slopes to the upper and lower parts 
of the examination curve are due to an 
inequity in the grading system, which even 
the professor was unaware of at the time. 
This can arise from the system of subtract- 
ing for small errors in problems that are 


almost right, and adding credits for the 


COMPENSATED STANDARD SCORE 
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parts of problems that are almost com- 
pletely wrong. Thus this method compen- 
sates somewhat for grading techniques that 
might otherwise yield a spurious skewed 
distribution. 

An examination in which all of the com- 
ponent parts are of equal difficulty will have 
grades which plot into a discontinuous 
curve. Students unable to meet this diffi- 
culty standard will get very little right, and 
those able to work one problem may solve 
With this method, the disconti- 
nuity will not appear in the standard score. 


several. 


SMALL CLASS 


In a small, selected class, the normal dis- 
tribution may not hold. The process of 
selection is expected to clip off the left end 
of the curve in Figure 2, When this clipped 
distribution is plotted on probability inte- 
gral paper, it appears as in Figure 6. The 
clipped end is horizontal. The unclipped 
end is asymptotic to a straight line with the 
same slope as the original unclipped distri- 
bution. This line has been moved to the 
left because of the smaller number of stu- 
dents which it represents. For example, 
with 75% clipping, the number has been 
reduced to one-fourth, and the line has been 
moved an amount corresponding to a factor 
of four on the approximate log scale which 
the abscissa approaches for both large and 
small values. These selected classes should 
be plotted as a terminated straight line part 
of the upper segment of the original distri- 
bution. The ordinate of the termination 
coincides with the horizontal asymptote. 
The intersection of the two asymptotes is 
slightly to the left of the abscissa of the 
termination, which is equal to the percent 
of the distribution clipped. This correction 
factor is shown in Figure 7. 

After a terminated straight-line distri- 
bution has been reconstructed for a selected 
class, grades may be assigned in the same 
manner as before, but some values might 
be missing entirely. 

If the raw scores plot into two sloping 
lines joined by a much steeper vertical sec- 
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tion, this represents a bi-modal distribution. 

If the curve of raw scores changes its 
slope continuously in the same direction 
from one end to the other, this repre- 
sents skewing which might be due to test 
construction. 


Limiters 

Some measurements of quality are to 
determine whether an item is acceptable or 
not. Quite often gauges for this purpose 
are of the go-no-go type. In grading eggs, 
for example, a rotten egg would receive a 
notation which is not intended for compu- 
tation with other scores, but which states 
that one test was failed, and therefore the 
egg is unacceptable regardless of the scores 
on the other tests. An example of a restric- 
tion of this sort is the requirement of 25% 
of the home problems worked, even though 
no problem grade would enter into the 
course grade computation. This system is 
used because the absence of problems is 
useful information concerning the inability 
of a student to work long detailed analyses, 
but the presence of problems is not a posi- 
tive measure of ability. 

The number of credit units assigned to a 
course is a measure of the quantity of work. 
The grade is a measure of the quality of 
the work. Home problems are usually 
designed to give the student practice and 
experience, and are not intended to dis- 
criminate on the basis of ability. It is not 
unusual to find a poor student working all 
of the home problems, and a good student 
working only the most challenging. The 
total problem grade of a student is more a 
measure of quantity than of quality of work. 
As such, it should enter into the determina- 
tion of the number of units and not the 
grade of a course. Since the number of 
units is not variable, the only decision one 
has is “should he or should he not receive 
credit ?” 

Mixmaster bowls are designed to rotate 
on a turn-table and not be scratched by the 
beaters which are off-center and close to the 
bottom of the bowl. A warped bow! may 
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be unsatisfactory as part of the assembled 
unit, and yet be salable as an ordinary bowl. 
In this case a test of the bowl would say 
“no-go” as far as continuing on the produc- 
tion line, yet the bow! would not be rejected 
for a different application. 


rent theory. It was his considered opinion, 
based on many years of experience, that a 
standard score of 41 in his course repre- 
sented the minimum that a student could 
have and continue successfully as an elec- 
trical engineering major. One semester he 
had an EE major by the name of Mr. Johns 
Johns’ best friend was a 


who averaged 38. 
physics major, Mr. Egger, who was taking 
the course as an elective and who also aver- 
aged 38. On the basis of the 4.50 column 
in Table II, Egger should have received a 
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D—, though Johns with the same average 
should have Since the 
two men were good friends and had done 
equivalent work, Prof. Justine gave them 
both “D.” Both Egger and Johns took 
radio engineering the following semester 
Yet if Prof. Justine 
had given them both F, he would have 
unnecessarily penalized Egger, the physics 
major, who took the course for pleasure. 
If Prof. Justine had followed his original 


received an Fo. 


7 


and flunked miserably. 


judgment based on a double standard, and 
had given them different grades, Johns 
would have followed his plan to change to 
a physics major, and then the two men’s 
records would have been different for the 
same quality work. 

It is different 
grades for the two different limiting func- 


necessary to have two 
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tions: absolute fail, and insufficient prep- 
for further The author 
recommends that the grade of D be used 
It should 
signify the satisfactory completion of a 


aration work. 


for the latter limiting function. 


course but would not carry permission to 
take further work for which this course is 
a prerequisite. 
Typical University 

Figure 8 shows the distribution of grades 
for the year 1948-1949 at the University of 
California at Berkeley. These curves show 
that the distribution of grades follows the 
normal probability curve, and that the dif- 
ference between any two letter grades was 
10 standard scores or exactly one standard 
deviation. The only significant difference 
was in the assignment of worth to the 
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median, which was C+ for engineering 
lower division (the hardest grading depart- 
ment in the university) and B— for the 
entire upper division. 

It can be seen that 10% of the graduate 
students and 2% of the engineering lower 
division students are significantly superior 
to an A grade, and really deserve an AA 
grade. The reason for the necessity of this 
super-superior grade unit is because the 
three grades (C, D, and E) are provided 
for the sub-median men, but only two 
grades are available for the better students. 
This dilution of the brilliant by the good in 
the single grade A decreases its accuracy 
markedly, and makes the selection of grad- 
uate students on the basis of these grades 
a very rough procedure. 

Plus and minus grades are not recorded. 
The rms error of a course grade would be 
3.2 standard scores if it were recorded to 
percent. The effect of 
assigning letter grades adds an additional 


one grouping 


error of 2.9 scores. The total of a single 
recorded grade would be 4.3 scores. <A 
student’s grade point average computed 
from 25 different courses (assuming all 
measured the same thing) would have an 
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error of 4.3/\ 25—0.86 scores, 
No 


figures should be recorded for 


or 9% ot 


a grade. more than two significant 
this aver- 
age. For an A student, since this grade 
encompasses both A and AA abilities, the 
grouping error is twice as great, and his 
all university average would have an error 
of 6.62/\/25=1.3 scores, or 13% of a 
grade. 

If the registrar would record plus and 


minus grades, the recorded grade error 


would be reduced to 3.35 scores. If the 
registrar would record standard scores, the 
error would be reduced to 3.2, and the 


grade-point average would have an error of 
only 0.64. 


sents a doubling of the grade accuracy for 


More important still, this repre- 


the very best students. 

If the graduate students were highly 
selected, one would expect the distribution 
of grades to look like the curves in Figure 6. 
On the contrary, curve 5 in Figure 8 shows 
that (for an average graduate school grade 
half way between A and B) there is a con- 
siderably greater than normal percentage 
of poor grades. This might be due to the 
lack of precision of the device by which 


students are selected for graduate school. 


BIOLOGY REQUIREMENTS IN THE GENERAL EDUCATION 
PROGRAMS OF SOME MIDWESTERN COLLEGES 
AND UNIVERSITIES 


Tep F. ANDREWS AND JOHN BREUKELMAN 


State Teachers College, Emporia, Kansas 


N order to obtain some information con- 
l cerning the biology requirements in the 
colleges in the central and western states, 
a questionnaire was sent to 189 colleges and 
Ohio, 
Minnesota, Iowa, Missouri, North Dakota, 
South Dakota, Nebraska, Okla- 
homa, Texas, Montana, Wyoming, and 
Colorado. 
so as to include a wide range of size and 


universities in Illinois, Wisconsin, 
Kansas, 


The institutions were selected 


organization and a degree of balance be- 


tween tax-supported and denominational 


colleges. A letter, inviting the respondent 
to add any pertinent information, accom- 
Many letters, 
syllabi, outlines and pertinent comments 


panied the questionnaire. 


were received. 
Questionnaires were sent to 99 liberal 
arts colleges and universities, 63 teachers 


colleges, and 27 junior colleges. Completed 
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returns were received from 84, 58, and 10 
institutions respectively. It should be noted 
that this is better than an 80 percent re- 
sponse. The low percentage from the 
junior colleges probably resulted from the 
wording of the first question, which men- 
tions only candidates for baccalaureate 
degrees. 

For tabulation of results, the liberal arts 
colleges and universities were divided into 
two groups on the basis of size. However, 
the tabulation of the responses from the 
two groups revealed only minor differ- 
ences; they are, therefore, included under 
one heading in this report. 


THE QUESTIONNAIRE 
To Heads of Biology Departments: 

Postwar interest in “general education” 
or core curriculum requirements to be met 
by all candidates for baccalaureate degrees 
has brought new problems to all of us. 
This inquiry seeks certain information re- 
garding a course or courses in biology in 
these general requirements. Will you assist 
by responding to the following questions 
and then return this sheet in the enclosed 
envelope? If you desire, we shall send a 
summary of our findings to you. Please 

accept our thanks for this help. 
1. Do you require all candidates for bacca- 
laureate degrees to earn credit in 


5 5 a ne 


bdo 


If so, how many semester hours? 
scaled davinligisiniaads In how many semesters 
Cg. } fee 

3. During what year (freshman, sopho- 
more, etc.) is this requirement 
usually met by non-biology students ? 

4. Does the same course serve non-biology 
students and also biology majors and 
DERE siccnspthncsiiehies (If not, please 
explain on back of sheet.) 

5. If so, do you divide the two groups 
into separate sections: for lectures? 
sinietiaitetbaiiiat » FOr Laboratory Penncenncccncennne 

6. In the required courses for non-biology 
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students, is your approach through: 
(please underline) types, principles, 
evolution, ecology, or other? (please 
name ) 





>a 


In the required courses for non-biology 
students, is it your policy to empha- 
size plants (please underline) more 
than, less than, or about the same as, 
animals ? 

8. If your general education is being reor- 

ganized, will biology probably be 

emphasized (please underline) more, 
less, or about the same? 


RESULTS AND INTERPRETATION 
Responses to Question 1. 


Do you require all candidates for baccalaureate 
degrees to earn credit in biology? 


College and Teachers Junior 

University College College 
Yes 27 24 1 
No 57 34 8 
Total 84 58 10 


It will be noted that a total of 52 out of 
the 152 institutions responding require biol- 
ogy; this is only 34 percent. In teachers 
colleges, however, the percentage reported 
was 24 out of 58, or 41 percent. 

Most of the institutions answering “no” 
to Question 1 answered the remaining ques- 
tions with reference to other biology 
courses which may be used to fulfill science 
requirements. In most of these cases the 
student was given his choice of one labora- 
tory science, to be selected from a list which 
included one or more biological sciences. 
The most often mentioned were botany, 
zoology, entomology, bacteriology and 
physiology. 

In the following tables the replies from 
those institutions (except junior colleges) 
requiring biology for all degree candidates 
and those not requiring it are shown in 
separate columns, entitled “Biology re- 
quired” and “Not required,” respectively. 
Since only one junior college indicated that 
all students were required to take biology, 
the replies from junior colleges are shown 
in a single column. 
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Responses to Question 2, 
If so, how many semester hours? In how many semesters (or quarters)? 
College and Teachers Junior 
University College College 
Biology not Biology not 
required required required required 
Number of semester 
hours : 
three 2 3 4 0 2 
four 3 1 6 0 3 
five 2 1 6 6 1 
six or more 15 15 8 6 3 
Number of semesters 
or quarters: 
one 7 3 7 0 ] 
two 10 7 7) 10 l 
three 2 2 4 2 l 


Biology courses in colleges and universi- 
ties, whether required or not, were most 
often given in blocks of six or more hours, 
and in two semesters. Among teachers col- 
leges, courses of less than six hours were 
more common; three and four hour courses 
were however restricted to those institu- 
tions that require biology of all students 
(those answering “yes” to Question 1). 


In required courses, teachers colleges 
were more apt to put major and non-major 
the In 


those institutions that do not require biol- 


students in same course. those 


ogy, there was no apparent difference. In 
both cases, only. about one-fourth of the 
put 
Several mentioned that they had 


institutions the majors in separate 


courses. 


formerly separated majors and minors from 


Responses to Question 3. 


During what year (freshman, sophomore, etc.) ts this requirement usually met by non-biology students? 


College and 
University 


Teachers 
College 


Junior 
College 


Biology not Biology not 

required required required required 
freshman 16 24 21 24 5 
sophomore 8 1 13 8 4 
junior 2 1 0 0 0 


In colleges and universities, required 
biology courses, or courses in biology that 
may be to 
quirements, were predominantly freshman 


selected satisfy science re- 
courses, but many teachers colleges post- 
pone these courses until the sophomore 


year. 


the 
discontinued a practice which seemed to 


“general education” students, but had 


serve no worthwhile purpose or produce 


any beneficial results. 
In no case in which biology was required 
of all 


assigning students to separate lecture sec- 


students did the institution report 


Responses to Question 4. 


Does the same course serve non-biology students and also biology majors and minors? 


College and Teachers Junior 
University College College 
Biology not Biology not 
required required required required 
same course 19 26 13 18 3 
different courses 8 9 13 6 4 





If so do you divide the two groups into sections: for lectures? 
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Responses to Question 5. 
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For laboratory? 


College and Teachers Junior 
University College College 
Biology not Biology not 
required required required required 
Separate lecture 
sections : 
yes 0 6 0 ] 2 
no 13 33 14 12 3 
Separate laboratory 
sections : 
yes 1 rs 0 1 1 
no 10 36 13 13 + 


tions, and only one institution reported 
assigning them separately in laboratory sec- 


tions. 


not required, such sectioning was infre- 
quent. No difference 
institutions was apparent on this point. 


Even in the cases where biology was 


between types of 


Responses to Question 6. 


In colleges and universities where biol- 
ogy is not required, plants are emphasized 
less than animals; however, in teachers 
colleges plants are emphasized less than 
animals in the required biology courses. 
Perhaps teachers colleges that require biol- 


In the required courses for non-biology students, is your approach through: types, principles, 


evolution, ecology or other (please name)? 


College and Teachers Junior 
University College College 
Biology not Biology not 
required required required required 
types 7 19 + 5 0 
principles 20 35 16 20 4 
evolution 4 12 0 0 2 
ecology 4 6 1 1 2 
others 1 1 4 0 0 


The principles approach was apparently 
dominant, in all types of institutions, and 
for all types of courses. Evolution was a 
common approach in universities, especially 
in those that do not require biology. In 
teachers college responses, this approach 
was never mentioned. There must be some 
reason for this, though the reason was not 
apparent. 


ogy regard the subject as educationally 
semiprofessional in nature and _ therefore 
emphasize animals, and by implication, 
human beings, more than plants. 

On this point there was no apparent dif- 
ference between the types of institutions. 
How much of the greater percentage of 
“more” as compared to “less” is wishful 
thinking, we have, of course, no way to 


Responses to Question 7. 


In the required courses for non-biology studenis is it your policy to emphasize plants (please 
underline) more than, less than, about the same as, animals? 





College and Teachers Junior 
University College College 
Biology not Biology not 
required required required required 
more 0 2 0 2 0 
less 6 11 18 0 4 
same 13 24 6 4 2 
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Responses to Question 8. 


If your general education program is being reorganised, 


will biology probably be emphasized 


(please underline) more, less, about the same? 


College and 
University 
Biology not 
required 


more 5 10 
less l l 
same 8 16 


judge. This question called for an opinion, 
not for a factual report. Evidently, most 
of the persons responding thought that 
biology will either hold its own or be em- 
phasized more in the future. Only two said 
they thought biology would receive iess 
emphasis ; these were both from universities 
where the biology requirements were un- 
usually high. 


QUOTATIONS FROM RESPONDENTS 


Many interesting comments were re- 
ceived. Since these express some impor- 
tant points concerning curriculum, adminis- 
trative and related 
science teaching, some of them are included. 


other problems to 
We have selected these so as to include as 
nearly as possible all the points of view 
expressed. In cases of near duplicates, only 
one quotation is given. 

“We have not been able to bring our- 
selves to regard our offering in General 
College Biology as adequate background 
for any student who expects to continue in 
any phase of Biological Science.” 


“ 


regardless of how well taught, 


such a course cheats the student. Every 
student should at least be exposed to lab- 
oratory techniques.” 

“T have no idea. This matter is decided 
by a committee of which I am not a mem- 
ber and I am not consulted.” (Referring 
to the reorganization of the general educa- 
tion program. ) 

“If a student has not had High School 
Biology and wants to get into the biology 
field, we have him take the survey course 
first to help establish a background.” 


“The general course emphasizes evolu- 


required 


Teachers Junior 
College College 
Biology not 
required required 
6 5 l 
0 0 0 
10 14 3 


tion and ecology, with added emphasis on 
human problems.” 

“We are opposed to general biology 
there is too much duplication of . high 
school level biology.” 

“I have tried to balance the biology pro- 
gram, but without success.” 

“T expect that we shall end up with a 
far better 


rounded science 


requirement” (by the use of 


balanced and 
a general biol- 
ogy course, instead of separate botany and 
zoology ). 
“Some people seem to think that courses 
. must be entirely different if they are to 
be considered part of ‘general’ education.” 
“What shall we do with the student who 
has taken this course (general biology ) 
and then wants to major in biology?” 
there is being offered a science 
course which includes biological science and 
physical science. 


am not 


happy about the arrangement, but that is 


Personally | 


beside the point here.” 


“Our (required) course is specially 


planned for the non-major, but biology 
majors are also required to take it.” 


“We 


education’.” 


have no ‘program of general 


the Biology staff has no part 
in the presentation of material from their 
field in the integrated course.” 

“We make general biology a prerequisite 
for botany and zoology and thus eliminate 
repeating and duplication. We have used 
this plan for many years and like it very 
much.” 

‘Botany and Zoology being separate de- 
partments, there is no biology course.” 

“I believe we need in our curriculum a 
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general biology course, designed primarily 
for students majoring in other areas.” 

“A hot issue with us has been ‘a year of 
required science with lab’ v.s. ‘a year of 
required science without individual student 
participation in lab.’ Our dean has been 
convinced that the lab is an essential part 
of a science course even for a non-science 
student.” 

“The botany and zoology departments 
permit a student to enter advanced courses 
by taking . . . our general education course 
or by the traditional introductory courses.” 

“The new general biology course will 
undoubtedly serve as a requirement for our 
A.B. biology majors.” 

. zoology and botany offer a com- 
mon freshman course in biology, prerequi- 
site for other courses in the two depart- 
ments and any course in bacteriology ?” 

“In the lab we are not in favor of 
substituting demonstrations for individual 
student work.” 

“Whatever benefits are to be derived 
from a ‘general education’ course are even 
more important for the biology major.” 

“We regard as rather silly the assump- 
tion that the classical courses guarantee the 
broad view of the significance of biology 
which we hope the non-major student will 
get from the general course. We therefore 
require majors to start with the general 
course.” 

“We started with separate courses in 
general biology for majors and non-majors, 
but have recently combined them and now 
have all types of students together in all 
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sections. This apparently gives better re- 
sults, although we cannot ‘prove’ it.” 


SUMMARY 

1. Responses to questionnaires, concern- 
ing the status of biology in the general edu- 
cation programs of 152 midwestern colleges 
and universities, were studied. 

2. Biology was more commonly a re- 
quired general education course in teachers 
colleges than in liberal arts institutions. 

3. All but one of the responding institu- 
tions had a science requirement, but the 
institutions requiring biology were in the 
minority. 

4. The required biology courses were 
usually six or more semester hours in lib- 
eral arts institutions, and five or six hours 
in teachers colleges. These courses were 
usually taken by freshmen or sophomores 
in two semesters or three quarters. 

5. Both the biology majors and the non- 
majors took the same biology courses in 
liberal arts colleges, whereas about half of 
the teachers colleges had separate courses. 

6. In both liberal arts institutions and 
teachers colleges, majors and non-majors 
were commonly assigned to the same lab- 
oratory and lecture sections. 

7. The principles approach to biology 
predominated in all institutions, relatively 
more so in teachers colleges. 

8. Plants were emphasizes less than ani- 
mals, especially in the teachers colleges. 

9. A wide variety of respondents’ com- 
ments were included. 











A BASIS FOR A PHYSICAL SCIENCE COURSE 


COLLEGE LEVEL 


Rocers E. RANDALL 


Southern University, Baton Rouge, Louisiana 


ON THE 


PURPOSE TABLE Il 


Tt purpose of this study is to survey 


ScIENCE TRAINING OF STUDENTS 


: . cemale & mie 
the science background (high school Female Student 


level) of Negro prospective teachers and 
‘ : : Number of 
other nonscience majors enrolled in a 


Subjects Students 
Physical Science course, conducted by the  ,. ; 
: v . Biology 184 
writer, aS a means ol selecting adequate Biology 18 
subject-matter content from five physical Biology 6 
sciences. The areas from which the sub- Total 208 
eC ¥ ¢ > . > ; leacte are as « an . 3 
ject-matter content is selected are astron Chanietny 144 
omy, geology, meteorology, chemistry, and Chemistry 5 
physics. Total 149 
PROCEDURE General Science 193 
Ouest; abies. . 314 General Science 16 
(Juestionnaires were given to . Sitl- = Conoral Science 4 
dents enrolled in the course requesting 1n- Patel mT 
Pe ° . ° ° ota 210 
formation concerning their high school 
° = e - Mower c 
science training. Of the 314 students, 95 om — . 
4 ‘ 1ysics 
per cent were graduated from high school sas 
4 = . ~ Tx : g 
in 1951 and entered college in September, Total 


1951. The other 5 per cent were students 
who had been graduated from high school 


: vay if 2 « QAO -=- : > “Tr COl- . ° 
since 1948 and 1949 and did not enter col oe 





lege for one or more reasons. All of the Subjects Students 
students that participated in this survey Biology 46 
were following a degree curriculum. Biology 4 
Table I shows that 242 or 77 per cent Biology Ped 
female and 72 or 23 per cent male students Total 63 
were enrolled in the course. Chemistry 34 
Chemistry 4 
TABLE I fain 20 
Total 38 


NUMBER OF STUDENTS ENROLLED IN COURSE 


General Science 54 

Students Number Per Cent General Science 5 
Riatealion 242 79 General Science _S 
Males 72 23 Total 62 
Total 314 100 Physics 9 
Physics 2 

Two hundred and thirty or 95.04 per Total Tl 

7 Ota 


cent of the total number of female students 


were graduated from 55 high schools in 51 Louisiana. Sixty-four or 


parishes in Louisiana. Twelve or 4.9 per the total number of 


Number of 
Years 
Studied 


l year 
2 years 


2 year 


year 
2 year 


year 
2 years 


year 


year 


2 year 


Male Students 


Number of 
Years 
Studied 
l year 
2 years 


» year 


year 
5 year 


— 


year 


years 
2 year 


1 year 
2 years 


male students 


cent of the female students were graduated graduated from 23 high schools 


from high schools in eight states other than parishes in Louisiana. 


Eight or 11 


88.8 per c 


Per 
Cent 
63.80 
19.43 

4.16 


52.78 


“I 


75.00 
6.94 
4.16 

86.10 

12.50 
2.77 


15.27 


ent of 
were 
in 24 
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cent of the male students were graduated 
from high schools in six states other than 
Louisiana. 

Table II shows the science background 
of the students. There were three students 
with no high school science. It will be 
noted that the greater percentage of both 
the 


courses in biology and general science. 


female and male students have had 


CONCLA'SIONS 

It may be worth nothing that the Physi- 
cal Science course conducted by the writer 
serves as a terminal course for the majority 
of the students enrolled in the course so far 
as formal training in the physical sciences 
is concerned. 

It is further worth mentioning that the 
majority of the 314 students are follow- 
ing the degree curriculum in elementary 
education. 

The techniques for collecting and tabulat- 
ing the data seem to justify the following 


ct mnclusic ms: 


EDUCATION 
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1. A majority of the students had two or 
more high school science courses. 

2. Biology, general science, and chem- 
istry were the three high school science 
courses taken by the 


most commonly 


students. 


3. Physics was the high school science 


course taken least by the students. 


SUMMARY 

Since a large percentage of the students 
enrolled in the Physical Science course have 
not had very much physical science at the 
high school level, it appears that a good 
physical science course designed for general 
education, which will include an adequate 
amount of subject-matter content from 
astronomy, meteorology, geology, chemis- 
try and physics, is needed for those students 
at the college level in order to make up for 
the inadequate information in physical 
science and as a means of increasing their 
physical science background as prospective 
teachers in the elementary grades. 
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